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Abstract 
 
Jökulhlaup (glacial outburst floods) present a recurring natural hazard to the inhabitants and 
infrastructure along Iceland’s south coast. The high-energy, debris-rich floods are capable of eroding, 
transporting and depositing vast quantities of sediment; and in some cases, can completely re-shape 
sandur topography within a single flood event. They can be triggered by drainage of ice-dammed 
lakes or by meltwater released during sub-glacial volcanic eruptions; or a combination of both.  
This research reconstructs a Tenth Century jökulhlaup at Sólheimajökull; a southern outlet 
glacier of Mýrdalsjökull ice cap overlying Katla volcano. The flood permanently altered sandur 
topography and marked an important shift in changing flood routes and resultant flood deposits at the 
site since. Collection and synthesis of field evidence provides detailed information about the 
jökulhlaup, the route it took, the contemporaneous glacier margin, and environmental conditions at 
the time. As Sólheimasandur’s last major jökulhlaup, this event is important, not just in terms of 
scale and magnitude (comparable with the largest floods known to have occurred at the site); but also 
because of its geomorphic and sedimentary signature. This research records and compiles the 
remnant features of the Tenth Century flood, some of which are still evident at Sólheimasandur 
today. The outcome is a template for linking jökulhlaup sources, pathways and deposits, focusing in 
particular on ice- proximal flood routeways as a determining control over the nature of flood deposit.  
Geomorphic, sedimentological and tephrostratigraphic techniques have been used to recreate 
the origin, mechanics, and impacts of this flood through analysis of its deposits. In the same manner 
the regional Holocene jökulhlaup chronology is refined for Sólheimasandur, supported by a dating 
framework of volcanic eruptions and glacial fluctuations.  
An innovative 3D visual simulation, VolcVis, has been created, which models the field site as 
it might have looked in the Tenth Century, based on field data collected in reconstructing the Tenth 
Century flood. The ability of the prototype simulation to assist in palaeo-geomorphic reconstruction, 
is tested by visually simulating the Tenth Century volcanic jökulhlaup for the first time. The model 
distills complex and often spatially disparate field data into an interactive, user-friendly tool, with 
wider applicability in communicating results to the general public, aiding hazard mitigation 
authorities and informing the designation of evacuation routes.  
Identification of the pathways, magnitudes and frequencies of past jökulhlaup at 
Sólheimajökull allows a greater accuracy in predicting contemporary flood routes, when other major 
subglacial eruptions occur in this region of Iceland. The value of this research is timely given recent 
volcanically-generated jökulhlaup at Eyjafjallajökull (2010) and Grímsvötn (2011); illustrating how 
heightening awareness of past (and present) glacio-volcanic hazards in this region of South Iceland 
ensures better preparedness for future events.                                                           
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Icelandic Glossary (place names and their English translations) 
 
 
 
Jökull (e.g. Sólheimajökull, Mýrdalsjökull)  Glacier, ice cap 
Jökulsá  Glacial river 
Jökulhlaup(s) (may be abbreviated to ‘hlaup) Glacial outburst flood 
Katlahlaup  Katla volcanic jökulhlaup 
Sandur (plural Sandar) (e.g. Sólheimasandur) Proglacial depositional gravel plains 
gil (e.g. Þurragil, Jökulsárgil )  Canyon or gorge 
Foss (e.g. Seljalandsfoss) Waterfall 
Fjall (e.g. Skógafjall) Mountain 
Fjöll Mountains 
Lónið Lake 
Landnámabók Icelandic Book of Settlement (written ~872AD) 
Hringvegur Icelandic Ring road 
Móberg Palagonite tuff 
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Chapter 1: Introduction 
 
As an accessible, natural laboratory, in which to witness dynamic physical processes, and 
landscape change, Iceland is second to none. This research uses contemporary field evidence to 
illustrate these physical processes, past and present, in reconstructing the past (or palaeo) 
environment of Sólheimajökull, a glacier near the southern coast. The site is valuable for study, 
due to the significant, numerous geomorphic changes which have occurred here throughout the 
Holocene, not least periodic inundation by flash floods (or jökulhlaup), which as both an erosive 
and depositional physical process, can erase or bury other more long-standing effects of fluvial 
processes or glacial advance and retreat. Historical floods at this site were on a higher scale of 
magnitude than might be witnessed today and by exploring the chronological development or 
shaping of the site at Sólheimajökull over the past several thousand years, valuable insights into 
the future of this region can be drawn.  
This Chapter outlines initial research Aims (Section 1.1) and the reasons for studying this 
site in particular. Then follows an introduction to the field area of south-central Iceland, its 
volcanoes, ice caps and combined glacio-volcanic flood hazard and history. The chapter 
concludes with a Summary (Section 1.7) and a detailed set of objectives (1.7.1) which list the 
key deliverables required, in achieving the overarching Aims. 
 
1.1 Aims 
 
The overarching aim of this research is to identify the origin and impacts of a major Tenth 
Century jökulhlaup at Sólheimajökull glacier, Iceland. Few, passing references exist in published 
literature (e.g. Larsen 1978, 2000, 2010), to this complex flood of exceptional magnitude, the last 
major jökulhlaup to emerge from Sólheimajökull, and relatively little detail is known about its 
age and deposits. Despite many investigations into proglacial jökulhlaup geomorphology and 
sedimentology, less attention has previously been placed on evidence of supraglacial, subglacial 
or ice-marginal jökulhlaup drainage routeways (Roberts et al., 2003; Russell et al., 2010). This 
research aims to redress this imbalance by reconstructing the Tenth Century flood, from its 
source to sandur plain. It is a rare opportunity to reconstruct a palaeoflood in its entirety, from 
contemporary field evidence provided by its widespread (yet now piecemeal) deposits and 
erosive features. In reconstructing this important event in the regional volcano-glacial history, 
new insights are also gained, and tested, into linking flood sources, generation mechanisms, 
pathways and their resultant deposits. 
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1.2 Background: Iceland’s geodynamic setting 
Iceland is a geologically young country (formed within the past 25 million years) and 
experiences relatively high levels of volcanic and tectonic activity. It offers opportunities to 
observe natural processes, both constructive and destructive, operating faster than in most other 
places on Earth (Thordarson & Höskuldsson, 2002), Iceland’s dynamism is a consequence of 
interactions between the Mid-Atlantic Ridge (MAR), which marks the present-day plate 
boundary between the North American plate and Eurasian plate; and the Iceland Mantle Plume, 
an area of anomalously hot material rising from deep within the mantle causing buoyant 
convection and up-welling of material towards the Earth’s surface (Sigmundsson, 2006). 
Otherwise known as the Iceland Hotspot, approximately 1,000 km in radius (Sigmundsson, 
2006), excessive magmatic activity has built up a topographic swell, atop which rests Iceland.  
The MAR comes onshore at the southwestern tip of Iceland’s Reykjanes Peninsular 
(Sigmundsson, 2006) and exits at the Tjörnes Fracture Zone on the northern coast, where it is 
laterally offset 150 km to the west by one of the ridge’s characteristic transform faults, which 
mark the seismically active parts of fracture zones (Sigmundsson, 2006). Earthquakes along 
these transform faults are mainly strike-slip events, which differ to those occurring along the 
spreading portions of the ridge (ridge crests) which tend to produce normal faulting earthquakes, 
occurring in swarms (Einarsson, 1986, 1987). These seismic variances display dominant 
extensional tectonics along the ridge crests; and of horizontal shearing caused by lateral offsets 
in spreading, within transform fault zones (Sigmundsson, 2006). 
 
1.2.1 Iceland’s Volcanic Zones 
Iceland’s neovolcanic zone (Figure 1.1) is divided into two types: Volcanic Flank Zones, where 
little crustal spreading occurs; and Volcanic Rift Zones, areas of extensive crustal spreading 
(Sigmundsson, 2006). Eruptive products from the volcanoes in each zone differ, with alkali 
olivine basalts and transitional alkali basalts produced in the Volcanic Flank Zones; and 
tholeiites forming in the Volcanic Rift Zones (Jakobsson, 1972, 1979a, b; from Sigmundsson, 
2006). 
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Figure 1.1: Volcanic Zones of Iceland. The Volcanic Rift Zones include the Northern Volcanic Zone 
(NVZ), the Western Volcanic Zone (WVZ), the Eastern Volcanic Rift Zone (EVRZ), and the 
Reykjanes Peninsular (RP) oblique rift. The volcanic flank zones (with little or no rifting) are the 
Snæfellnes, Öræfajökull-Snæfell and the South Iceland Flank Zone (SIFZ). Together the SIFZ and 
the EVRZ are termed the Eastern Volcanic Zone (Sigmundsson, 2006). 
 
Within the Volcanic Zones, there are further divisions of over 30 volcanic systems. These 
systems typically consist of a central volcano (or caldera) where frequent volcanism is 
experienced, along with an associated fissure swarm, an area of extensive fissuring and normal 
faulting (Sigmundsson, 2006). Figure 1.2 shows South Iceland’s volcanic systems. Of all 
Iceland’s central volcanoes, Hekla, Grímsvötn and Katla are by far the most active during 
historical times, responsible for more than half of all eruptions that have occurred in the last 
1,100 years, each having had profound environmental impacts and greatly influencing their 
surroundings (Sigmundsson, 2006). The Eldgjá fissure swarm which extends to the north-east of 
the Mýrdalsjökull, for example, brought about the most extensive environmental changes since 
settlement of Iceland and perhaps of the late Holocene in Iceland. Heavy tephra fall (> 100 cm 
thick deposits) devastated an area of 600 km2, and 800 km2 of lava flows permanently changed 
the topography, hydrology and utilization potential of large areas east of the Mýrdalsjökull 
massif (Larsen, 2010). See Figure 1.2 for location of Eldgjá.  
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 Figure 1.2: Tectonic map of South Iceland, volcanic systems and geologic boundaries 
(Sigmundsson, 2006) NB. Central volcanoes: Katla, Eyjafjallajökull (Ey), Hekla and Grímsvötn 
(ovals) each with fissure swarms outlined, such as Eldgjá. 
 
Katla and Eyjafjallajökull volcanoes, (Figure 1.2), which flank the field site chosen for this 
research, (to the east and west respectively), lie at the eastern end of the South Iceland Seismic 
Zone (SISZ) in an area of compressive stress (Guðmundsson, 2003). Katla is actively deforming, 
with GPS measurements since 1999 showing inflation indicating magmatic recharge of the 
volcano (Sturkell et al., 2003b; from Sigmundsson, 2006). It is one of Iceland’s most notorious 
volcanoes, known for producing violent phreatomagmatic eruptions, accompanied by powerful 
floods. With close proximity to neighbouring Eyjafjallajökull, which last erupted in April-May 
2010, the surrounding environs of these two ice-capped volcanoes form a dynamic backdrop for 
the locality chosen for this research, at Sólheimajökull. Glacial and volcanic processes compete 
to dominate this region, their impacts both creative and destructive, capable of rapidly and 
sometimes irreversibly altering the landscape, when they interact or combine. With such high 
rates of change ongoing, to be able to preserve or recreate a piece of it, or a significant event as a 
snapshot in time, provides important opportunities to better understand the region’s evolution. 
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1.2.2 Icelandic Holocene volcanism 
The beginning of the Holocene in Iceland is marked by the retreat of the Younger Dryas ice 
sheet ~9700 years ago (Thordarson & Höskuldsson, 2002). The melting of this ice was very 
rapid, over just a few hundred years, resulting in rapid rates of isostatic rebound. Dating of 
Icelandic lavas shows that the rate of volcanic activity in Iceland accelerated by a factor of 30-50 
following the last deglaciation (MacLennan et al., 2002; from Tuffen, 2010). Sigmundsson, 
(2006) also notes a variation in the intensity of volcanic eruptions during Postglacial time, with 
much more extensive volcanic production in the initial millennia after deglaciation than is 
currently occurring. 
Many of the Holocene eruptions in Iceland have been explosive, basaltic eruptions, 
visible as black and grey tephra layers in the soil (Thordarson & Höskuldsson, 2002) 
Postglacially, the Eastern Volcanic Zone has been the most volcanically productive with the 
highest eruption frequency and the largest eruptions (Thordarson & Höskuldsson, 2002). In the 
early stages of deglaciation the frequency of large eruptions was much higher than today. 
 
1.2.3 Ice-lava interactions 
When subglacial volcanoes erupt beneath ice caps, they experience an explosive phase due to the 
magma-water interaction (Sigmundsson, 2006). Meltwater is an inevitable by-product of this 
interaction (Óskarsson, 2009) and is released in a jökulhlaup; either directly from the eruption 
site or after temporary accumulation in an englacial or subglacial lake (Guðmundsson, 2005; 
from Óskarsson, 2009).  Figure 1.3 illustrates various scenarios in which ice comes into contact 
with lava. Heat is rapidly dissipated from the magma to the surrounding ice, which forms water-
filled cavities, promoting conductive and convective heat transfer (Höskuldsson & Sparks, 1997; 
Guðmundsson, 2003; from Óskarsson, 2009).  
 
Figure 1.3: Emplacement mechanisms between lava and ice (Wilson & Head, 2007). 
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The brittle nature of ice, fragmenting and collapsing, provides weak resistance to warm 
meltwater acting under the forces of gravity or hydrostatic pressure (Höskuldsson & Sparks, 
1997; Guðmundsson, 2003; from Óskarsson, 2009). Channels can be carved by meltwater along 
the glacier bed, englacially, even sometimes creating supraglacial outlets flooding a glacier 
surface.  
In subglacial eruptions where water or ice pressure is sufficient, pillow lavas, móberg 
cones and table mountains may form over time (Höskuldsson & Sparks, 1997; from Thordarson 
& Larsen, 2007). When lavas erupt into shallower, aquatic environments, intensive steam is 
generated and rapid expansion of the lava creates glass shards and fragmented breccias known as 
hyaloclastites (e.g. Zimanowski, 1998; Guðmundsson, 2003). Hyaloclastite rocks are therefore 
diagnostic of explosive phreatomagmatic interaction and an extremely high heat flux (Óskarsson, 
2009).   
Emergent subglacial eruptions tend to produce larger amounts of ash, thereby forming 
distinctive tephra layers in the soil profile. Katla is renowned for its subglacial, phreatomagmatic 
eruptions, producing black, typically basaltic tephra layers with volumes ranging from ~0.01 to 
1km3 (Larsen, 2000; from Thordarson & Larsen, 2007). Katla has also produced at least six 
explosive silicic eruptions (and tephras), from vents below the ice cap, thought to be within the 
caldera rim (Larsen, 2000, 2010). 
 
1.2.4 Glacio-volcanic hazards and risk 
The greatest volcanic hazard, in Iceland, is the glacial outburst flood (jökulhlaup) due to the 
abundance of ice-covered volcanoes. The volcanic centres of Katla and Grímsvötn produce some 
of Iceland’s most notorious jökulhlaup hazards; capable of rapidly melting parts of their 
overlying icecaps during eruptions, releasing catastrophic floods onto the lowlands. Both 
volcanoes are therefore closely monitored and warnings are issued to the general public when an 
eruption is either forecast or ongoing. Sometimes, a flood may be the initial indicator that a sub- 
glacial eruption is underway. 
The low-lying, expansive sandar of Iceland’s south coast have been deposited and shaped 
by numerous jökulhlaup throughout the Holocene (Figure 1.4).  Steeply incised canyons act as 
conduits for transporting sediment from the glaciated plateau onto the sandur plains where fast-
flowing meltwater rivers and periodic glacial outburst floods re-work these sediments into the 
particular features and assemblages which form the focus of this research.  
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Figure 1.4: Major jökulhlaup routeways draining glaciers and ice caps of South Iceland. 
(J. Maizels 1994). 
 
Katla jökulhlaup (Katlahlaup) have caused many significant changes to South Iceland’s 
environment. For example, two Katla eruptions each destroyed two natural coastal lagoons; 
Kerlingarfjörður (in 1179) and Kúðafjörður (in 1262), which had previously been used as 
harbours in Settlement times (Thordarson & Höskuldsson, 2002). Settlement in Iceland began 
around 870 AD when the first settlers arrived from Scandinavia, Norway and the Western Isles. 
During the period 890-910 AD, a steady influx of immigrants landed to claim possession of the 
best farm lands (Pálsson & Edwards, 2006). The Book of Settlements (Landnámabók) chronicles 
the discovery of Iceland and development of Icelandic society during the Viking period. It offers 
a uniquely detailed record of events (both natural and human) that affected the early settlers. 
The threat of jökulhlaup will continue to exist in this region of Iceland as long as there is 
water stored in the ice caps above active volcanoes. In order to better understand the scale of risk 
associated with jökulhlaup and to aid future planning for such events, it is essential to research 
volcanic activity, flood-generating mechanisms and flood routes of past events. This allows links 
to be drawn between eruption size, duration and productivity, with volcanic floods, to map the 
8 
 
 
most at-risk areas and to predict scale and behaviour of future events. It is important to 
distinguish between two terms in establishing the risk or hazard posed by jökulhlaup in South 
Iceland. A hazard is a natural or man-made phenomenon that has the potential to cause harm; 
whereas risk is the probability of harm if someone or something is exposed to a hazard (Wang, 
2009). 
Katla poses a significant risk to inhabitants of the south-Iceland region in communities 
such as Vík, Álftaver and farming communities on Mýrdalssandur and the Markarfljót river plain 
to the west of Eyjafjallajökull as well as to infrastructure; most notably perhaps to Highway 1 
(Hringvegur), Iceland’s major ring road (Figure 1.5a), which has suffered repeated jökulhlaup 
damage in events such as at Skeiðarásandur in 1996, 1998 and 2004; and during 
Eyjafjallajökull’s 2010 eruption. 
 
 
Figure 1.5a: Flood zones surrounding Mýrdalsjökull, south Iceland (inset). Principal flood routes 
are shown in red. Highway 1 (Iceland’s ring road is in black). Map produced by James O’Brien at 
Risk Frontiers, in Bird & Gísladóttir, 2012). Flood times indicate the minimum number of hours 
before the onset of flooding, after an eruption commences (seen separately in Figure 1.5b). 
 
Increased understanding of the nature and behaviour of jökulhlaup in the area is essential, 
due to Katla’s frequent and often violent activity. The speed with which Katla floods are able to 
reach the sandur adds to the challenges faced by the Icelandic Civil Protection authority in 
reducing the risk to inhabitants (Figure 1.5b).  
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Figure 1.5b: Predicted propagation times for Katlahlaup of peak discharges 250,000–300,000 m3/s 
along the major flood routes, produced during eruptions within the ice-covered Katla caldera. The 
probability of major floods issuing down more than one of the three flood routes during the same 
eruption is small (Guðmundsson et al., 2008). 
 
Many of the permanent residents of this region of Iceland are aware of the hazard: “Of course we 
know that we live in a place like this, there are floods, earthquakes and we have these 
volcanoes” - quote from a health practitioner in southern Iceland following the Eyjafjallajökull 
eruption in 2010 (Bird & Gísladóttir, 2012). There is also a transient community of tourists, 
which visit the region (mainly in summer). In a 2007/8 study investigating public perception of 
Katla hazards, 116 tourists and hikers to the popular Þórsmörk area (both Icelandic and 
international) were interviewed. Fifty percent of international tourists were unaware of Katla, 
and nearly all those interviewed lacked general knowledge about the volcano and all were 
unaware of emergency evacuation procedures in the event of an eruption (Bird et al., 2008).  
Eyjafjallajökull’s 2010 eruption was reported on globally, which has increased awareness 
of the volcanic flood hazard in this region, not least because its smaller, March eruption proved a 
popular tourist attraction. Undoubtedly a significant event in its own right, Eyjafjallajökull’s 
eruption also serves as a reminder for Katla’s potential to produce a more destructive, disruptive 
eruption, prompting inevitable speculation as to when it may follow suit. Already one of 
Iceland’s most closely-monitored volcanoes, in recent decades Katla has become a focus for 
intensified research into understanding glacio-volcanic interactions, predicting and planning for 
their resultant hazards; principally, jökulhlaup. 
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1.3 Katla volcano 
 
Katla, (63.63° N, 19.05° W) is Iceland’s third most active volcanic system in historical time, and 
one of Iceland’s most active volcanoes. Each of its eruptions have produced evolved, FeTi basalt 
with rare phenocrysts of plagioclase, olivine and augite (Jakobsson, 1979a, from Thordarson & 
Larsen, 2007). Katla eruptions have never started in winter and a large majority occur in the 
month of October (Thordarson & Larsen, 2007).  
Seismic studies reveal a shallow magma chamber at Katla, with a base at 3 km below the 
volcano’s surface (Sigmundsson, 2006). The chamber is approximately 5 km wide with an 
estimated volume of about 10 km3 (Guðmundsson et al., 1994) with about half that volume being 
melt, producing the low velocities observed on seismic profiles (Figure 1.6). 
 
Figure 1.6: Seismic study of Katla Volcano a) Seismic record section. Radial component of recorded 
waves for two shots from south of Katla Volcano shown, with distance measured along a profile 
from the southernmost shot in the ocean. Shear-wave shadows correlate with late arrivals of P-
waves in both sections b) Velocity model (NB. shallow magma chamber). Modified from 
Guðmundsson et al., (1994) from Sigmundsson, (2006).  
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1.3.1 Eruptive history 
In the last 1200 years, Katla has produced twenty-two effusive eruptions (Eliasson et al., 2006, 
from Guðmundsson et al., 2007). Figure 1.7 lists the effusive eruptions from Katla since the 8th 
Century AD, all of which were accompanied by jökulhlaup, four of which occurred at 
Sólheimajökull (Eliasson, 2006). The exceptional Eldgjá eruption in 934 AD eruption is thought 
to be responsible for a large flood at Sólheimasandur, along with several other glacial outlets of 
Mýrdalsjökull. This event followed a Katla eruption in 920 AD, a few years earlier. Both the 
closely-timed eruptions K920 AD and E934 AD are therefore noteworthy, as potential causes for 
early Tenth Century floods at this site. 
 
 
Figure 1.7: Effusive eruptions of Katla since the 8th Century and associated floods 
(Eliasson et al., 2006). 
 
Katla has erupted approximately twice per century for the last eleven centuries with an average 
repose period of 47 years since 1500 AD (Larsen, 2000). Figure 1.8 illustrates the frequency of 
Katla eruptions with regards to location of eruption sites within its caldera. The next eruption is 
now “overdue” according to recurrence intervals based on past eruptions, meaning Katla is 
constantly monitored for signs of unrest, using seismometers, continuously-recording GPS, 
radio-linked river gauges, regular airborne radar profiling and inspection flights over the ice cap 
(e.g. Guðmundsson et al., 2007). Most of these data can be viewed in real time on the internet 
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through the web-pages of the Icelandic Meteorological Office and the Institute of Earth Sciences, 
University of Iceland (Guðmundsson et al., 2008). 
 
 
Figure 1.8: Recurrence time of eruptions in the Katla volcano and Eyjafjallajökull volcano 
(Guðmundsson et al., 2005). 
 
1.3.2 Katlahlaup 
 
Katla eruptions are renowned for producing high-magnitude jökulhlaup, or Katlahlaup 
(Thorarinsson, 1957; Bjornsson, 1975; Einarsson et al., 1980; Maizels 1989a). The largest 
Katlahlaup can reach peak discharges of 300,000m3s-1 and flood areas of up to 400 km2 
(Tómasson, 1996). These jökulhlaup carry ice as well as great quantities of primary volcanic 
debris, which exceeds the volume of airborne tephra in some eruptions.  
The magnitude of Katlahlaup is amplified by the volcano’s capacity to store water at the 
eruption site before releasing the flood onto the sandar. This is partly due to the sub-surface 
topography of Katla’s bowl-shaped caldera, which exceeds 700 m deep in places (Figure 1.9).  
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The steep-sided shape of the caldera promotes rapid heat transfer and an extremely high melting 
rate of ice during an eruption. The water may then be stored at the eruption site either short-term 
whilst subglacial conduits enlarge to accommodate the flow, or longer-term due to increased heat 
flux from the volcano and consequential formation of depressions in the ice surface (Björnsson 
2000), capable of temporarily storing the water.  
 
Figure 1.9: Ice thickness at Eyjafjallajökull and Mýrdalsjökull. Caldera rim shown in red 
(Guðmundsson et al., 2005). 
  
Katla jökulhlaup are so destructive as the stored water can be released instantaneously onto the 
sandar as a flash flood, reaching peak discharge very quickly. While water mostly reaches the 
sandar via supraglacial and subglacial channels, steeply-incised, ice-lateral canyons can divert or 
rapidly redirect meltwater from the glacial system to the sandar via alternate routes. Flood 
waves, looking like “snow-covered hills rushing forwards” have been described by eye witnesses 
of the 1918 event, (Thordarson & Höskuldsson, 2002) with heights of up to 5 m carrying vast 
amounts of ice and volcanic debris (Figure 1.10). 
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Figure 1.10: Kötluklettur (Katla boulder). This 1,000 tonne clast was transported over 10 km and 
deposited on Mýrdalssandur during the 1918 jökulhlaup (Jónsson, 1982; from Russell et al., 2010). 
 
 Mýrdalsjökull ice cap, which drapes over Katla’s elliptical caldera, in some places up to 600 to 
700 m thick, is split into three main drainage divisions; Sólheimajökull, Entujökull and 
Kötlujökull (Figure 1.11). Depending on the location of an eruption site, floodwater can flow one 
of three ways (arrowed). This project focuses on the So (Sólheimajökull) sector draining the 
southern portion of the caldera. As it’s the only sector for which Sólheimajökull provides an 
outlet for, any jökulhlaup evidence found within its glacial foreland or ice-laterally to 
Sólheimajökull must therefore have been sourced from the So sector. 
The routes taken by Katlahlaup have varied throughout the Holocene (Maizels, 1989a). 
In the mid to late Holocene, many of the floods flowed south at Sólheimajökull, whereas more 
recent floods are channeled down the Kötlujökull glacier onto Mýrdalssandur, This shift is due to 
a progressive north-east migration of the eruption sites of Katla (Maizels, 1989a). However, this 
does not exclude Sólheimajökull as a possible conduit for flood water, should a future eruption 
occur within this sector.  
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Figure 1.11: Drainage divisions of the Mýrdalsjökull ice cap with major jökulhlaup routes arrowed 
(Eliasson et al., 2006). 
 
Usually the meltwater produced in Katlahlaup contains soluble compounds with a 
geothermal origin, indicating that the most likely cause of melting is geothermal activity at the 
glacier bed (Sigurðsson, 2010). The Jökulsá river on Sólheimasandur was previously known as 
Fúlilækur (stinking river) as it channeled meltwater from beneath Sólheimajökull that smelled 
strongly of volcanic gases (H2S). Lawler et al., (1996) found a strong relationship between 
subglacial geothermal events and changes in hydrochemistry of the Fúlilækur (from Schomacker 
et al., 2010). Several days after extraordinarily high subglacial activity and increased geothermal 
fluid injection the river showed peaks in discharge, H2S and total carbonate, a decreased pH and 
increased electrical conductivity (Schomacker et al., 2010). This demonstrates the dynamic 
subglacial interaction between magmatic activity and ice beneath Mýrdalsjökull. It is these 
interactions which provide opportunities to monitor volcanic activity beneath the ice cap which 
would otherwise remain hidden.  
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1.3.3 Monitoring Katla 
An ice cauldron is a term used to describe depressions on glacier surfaces caused by enhanced 
and localised heat flux from the bedrock (Björnsson 1975; from Guðmundsson et al., 2007). 
There are currently 24 ice cauldrons on Mýrdalsjökull (Figure 1.12), which are regularly 
monitored by the Nordic Volcanological Institute (Scharrer et al., 2007). They currently 
constitute 1-2% of the glacier area (Sigurðsson, 2010) and act as surface markers to geothermal 
heat below. Geothermal energy melts the equivalent of the net mass increase (due to snow 
accumulation) within the catchment of each cauldron (Sigurðsson, 2010). 
 
Figure 1.12: Ice cauldrons and sub-glacial meltwater tunnels beneath Mýrdalsjökull (Scharrer et 
al., 2007). 
 
As the cauldrons reflect areas of geothermal activity (or melting) from Katla beneath, some 
surface depressions reveal the location of ponded sub-glacial lakes below; five of which are 
within the catchment area of Sólheimajökull (such as K7), making this glacier the likely outlet 
for flood water should these sub-glacial lakes drain. 
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Figure 1.13: Katla cauldrons: Caldera rim (red), depressions or cauldrons (k3-k11) and ice divides 
(green). Inset: Cauldron K7 formed above Sólheimajökull during the jökulhlaup on 18. July 1999. 
The depression is 2.5 km long (NE-SW), 1.7 km wide and 50 m deep. (Picture taken on the 18th 
August 1999). View to North East (Guðmundsson, M, 1999: Institute of Earth Sciences, University 
of Iceland Archive, October 1999). 
 
Inspection flights from Vík and radar measurements of ice surface elevation and cauldron depth 
take place twice a year.  Figure 1.14 shows changes to the cauldrons recorded between 1999 and 
2005, using radar altimetry (Guðmundsson et al., 2007). From autumn 2001 to autumn 2004 it 
was found that some cauldrons had grown, accompanied by increased seismicity and inflation 
attributed to magma accumulation under the Katla caldera.   
 
Figure 1.14: Spatial and temporal variations in geothermal activity in 1999-2005 in the Katla 
caldera, according to cauldron depth variations (Guðmundsson et al., 2007). 
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Seismic measurements have been taken at Katla for the past forty years, (Einarsson & 
Brandsdóttir, 2000; Soosalu et al., 2006) and have revealed two distinct areas of high seismic 
activity: at Goðabunga on the western flank of Mýrdalsjökull (and the eastern flank of 
Eyjafjallajökull); and in the centre of the Katla caldera (Figure 1.15).  
Earthquake activity at Katla has a seasonal pattern, with most earthquakes occurring in 
the autumn (Soosalu et al., 2006).  Einarsson & Brandsdóttir (2000) explain this pattern to be 
caused by the triggering effect of increased groundwater pore pressure in the crust beneath the 
glacier after the summer thaw. Earthquakes in this area can be precursors to both volcanic and 
subsequent jökulhlaup activity, as in 1999 when a burst of seismic tremor accompanied the 
formation of ice cauldron K7 above Sólheimajökull and a small flood flowed onto 
Sólheimasandur (Russell et al., 2002; Soosalu et al., 2006). The flood lasted six hours and 
reached a peak discharge of 103m3s-1 (Sigurðsson, 1999). There was no surface rupture of the ice 
cap or ash fall but it is thought a shallow intrusion or a minor subglacial eruption occurred 
(Sturkell et al., 2003b). Increased, continuous seismic activity and the deepening ice cauldron 
(K7) on Mýrdalsjökull were the only precursors to the 1999 flood, illustrating that an emergent 
eruption does not always precede a jökulhlaup. Similarly, Eyjafjallajökull’s 2010 eruption was 
preceded by significant seismic tremors.  
 
Figure 1.15: Epicentral map of earthquakes in the Katla region during 2003. Although this is a part 
of the period of unusually high activity in the Goðabunga area, it illustrates well the general pattern 
of the seismicity (Soosalu et al., 2006). 
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1.3.4 Katla’s 1918 volcanic jökulhlaup 
Katla’s last sub-aerial eruption was the 12th October 1918 (Thordarson & Höskuldsson, 2002), in 
the south-eastern part of the caldera (Figure 1.16).  
 
Figure 1.16: Katla’s 1918 eruption. Photo taken from Vík (Guðmundsson, K; from Guðmundsson, 
A.T, 1996). 
 
The eruption was accompanied by a powerful jökulhlaup flowing eastwards across 
Mýrdalssandur that at peak discharge, carried 300,000 m3s-1 of liquid water, suspended 
sediments and ice, with a flow velocity of 10 ms-1 (Tómasson, 1996). The coastline near Vík was 
extended seawards several kilometres in this single event (Tómasson, 1996, 2000). 
 
Figure 1.17: Observed and inferred propagation of the coastline of south western Mýrdalssandur 
since 1300 AD. NB. Extension of coastline following 1918 jökulhlaup (Reproduced from Nummedal 
et al., 1987, from Russell et al., 2010). 
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The jökulhlaup deposited ~2.2 km3 of pumice sediments across former pasture land of 
Mýrdalssandur (Jónsson 1980; Maizels 1991, 1992) and extended other parts of the coastline 
southwards by up to 3 km (Tómasson 1996; from Björnsson 2002). The Katlahlaup of 1918 
travelled the 16 km from the edge of the Kötlujökull glacier to the south coast of Iceland in 
around 45 minutes (Eliasson et al., 2006). There was little prior warning of this flood, greatly 
increasing its hazard potential to people. Figure 1.18 shows the route taken by the floodwater.  
The 1918 flood provides a valuable opportunity to learn more about the generation 
mechanisms, the routes taken and the geomorphic signatures of Katlahlaup. Information on past 
events such as this helps to predict likely outlets of future jökulhlaup at Mýrdalsjökull as well as 
assessing their sedimentary, geomorphic and human impacts. 
 
 
Figure 1.18: The main channel of the 1918 Jökulhlaup from Katla (after Tómasson 1996; from 
Eliasson et al., 2007). 
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1.4 Eyjafjallajökull volcano 
The stratovolcano, Eyjafjallajökull (63.63ºN, 19.62ºW) has historically been less active than its 
eastern neighbour, Katla. In the 30 km long and 8 km wide fissure swarm that traverses the 
mountain and the ridges to the east of Eyjafjallajökull, only three or four Holocene eruption sites 
are identified (Guðmundsson, 1996). Yet recent events show that Eyjafjallajökull volcano is not 
to be underestimated or overlooked, when compared to its neighbour, in terms of producing its 
own jökulhlaup hazard.  
Significant earthquake activity began in 1992 and peaked in 1994 indicating a possible 
sub-surface intrusion. There has been increased earthquake and geothermal activity, and several 
centimetres inflation each year of the caldera since then (particularly 1999-2000), indicating 
increasing pressure under the volcano (Sturkell et al., 2003b). This culminated in a period of 
intense seismicity and uplift over January-March, 2010 before a small fissure eruption occurred 
at Fimmvörðuháls, between 20th March-12th April, (Guðmundsson et al., 2012). 
Finally, on 14th April, 2010 an eruption began in Eyjafjallajökull’s summit crater, (Figure 
1.19), initially taking 3-4 hours to melt through 200 m thick ice, before triggering a jökulhlaup, 
which drained from Gígjökull glacier on the volcano’s northern flank (Figure 1.20).  Meltwater 
flowed along the Markarfljót river channel to the sea, forcing the Icelandic authorities to cut 
sections in Iceland’s ring road in order to let the water pass through, releasing pressure on the 
structure.  
 
Figure 1.19: Eyjafjallajökull’s central-crater eruption in 2010 (M.T. Guðmundsson, 2010). 
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Figure 1.20: Eyjafjallajökull’s 2010 eruption a) eruption sites, ice cauldrons and jökulhlaup 
pathways (inset: airborne synthetic aperture radar image from 15 April. b) North-south schematic 
cross-section through the main craters within the summit caldera and meltwater pathways 
(Guðmundsson et al., 2012) 
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The summit eruption lasted 39 days, and although a moderately sized eruption in explosive 
terms, (Volcanic Explosivity Index = 3), it is noted for its sustained, widespread dispersal of fine 
ash (diameter < 1000 µm), with 50% falling over Iceland, and the rest moving south and east in 
persistent north-westerly winds, detected over ~7 million km2 in Europe and the North Atlantic 
(Guðmundsson et al., 2012). The ash cloud (Figure 1.21) caused intermittent closures in 
European airspace for several weeks and prompted close scrutiny of governmental and airline 
policies in dealing with the hazard.  
 
 
Figure 1.21: Airborne ash detected outside Iceland within 40º-70ºN and 40ºW-30ºE (Guðmundsson 
et al., 2012) 
 
In summary, Eyjafjallajökull’s eruption in 2010 raises important questions about modern 
society’s ability, or lack thereof, to deal with even relatively modest eruptions (Guðmundsson et 
al., 2012). It serves as a recent reminder of ongoing unrest at Icelandic volcanoes, with attention 
now inevitably turning to Katla, prompting renewed speculation about the comparative hazards it 
could pose to Icelanders and beyond.  
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1.4.1 Links between Katla and Eyjafjallajökull volcanoes 
 
There have been several simultaneous eruptions between the neighbouring Katla and 
Eyjafjallajökull volcanoes throughout the Holocene. Both volcanoes erupted in ~930 AD, 1612, 
and five months after Eyjafjallajökull’s 1821-3 eruption, Katla erupted (Thoroddsen, 1925; from 
Sturkell et al., 2010). There is also evidence for similarly timed eruptions of Eyjafjallajökull and 
Katla in the Sixth Century AD (Dugmore et al., 2013). 
 
 
Figure 1.22: Schematic cross section from west to east across the Eyjafjallajökull and Katla 
volcanoes. Magmatic intrusions in 1994-2004 are shaded, rhyolitic domes and a cryptodome are in 
lighter shading (Sturkell et al., 2010). 
 
 
The eruptive material of the two volcanoes differs in chemical composition but suggestions have 
been made to there being a link between the two calderas, with particular regard to the 
simultaneous eruption in 1821-3. Both ice-filled calderas of Katla and Eyjafjallajökull are 
bisected by radial fissures which have formed typical eruption sites; and a subglacial summit 
fissure at Eyjafjallajökull was the site for the 1821-3 eruption. It was as the eruption dissipated at 
Eyjafjallajökull, that Katla resumed activity. Also a fissure eruption/flood from Eyjafjallajökull 
in the Sixth Century coincides with similar activity from Katla around the same time (Smith & 
Dugmore, 2006, Dugmore et al., 2013). Another intrusion in 1999 was also formed under 
Eyjafjallajökull during simultaneous magmatic activity between the neighbouring volcanoes 
(Sturkell, 2000; Sigmundsson 2006).  
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Much research has gone into monitoring the two volcanoes, Katla in particular, (Thorarinsson 
1960, 1975; Larsen 1978, 2000; Sturkell 2003a, b; Guðmundsson 1994, 2003; Oladóttir 2004; 
Thordarson & Larsen 2007), meaning Katla’s eruptive history is better known than 
Eyjafjallajökull (Thoroddsen 1925; Einarsson et al., 1980; Guðmundsson et al., 1994; Larsen et 
al., 2001). Ongoing research aims to predict their future eruptions (Thorarinsson, 1959; Larsen et 
al., 2001; Eliasson et al., 2006; Sturkell et al., 2006; Soosalu et al., 2006).  
 
1.5 Field site 
 
This research focuses on Sólheimasandur, the proglacial foreland lying to the south of 
Sólheimajökull glacier (Figure 1.23), canyons adjacent to and including that occupied by 
Sólheimajökull; and the upland area west of the glacier. 
 
 
Figure 1.23: Terrain shaded relief model of the Mýrdalsjökull ice cap and Sólheimajökull glacier 
(Schomacker et al., 2012).  
 
As explained, the study area is well-placed for observing glacio-volcanic interactions, but 
additional topographic influences are key to understanding the nature of flood hazard at 
Sólheimasandur for two reasons:  
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1) Steep canyons can rapidly distribute meltwater to the sandur plain within one hour of an 
eruption starting. 
2) Ice-marginal depressions and valleys adjacent to Sólheimajökull have the potential to 
temporarily store water by becoming ice-dammed. As recently as the 1990s the advancing 
Sólheimajökull ponded several ice-marginal lakes which would periodically drain, presenting a 
hazard to visitors. These sites can potentially re-activate (or re-fill) during contemporary floods. 
 
1.5.1 Field site geology  
The field site is predominantly underlain by Upper Pleistocene and Holocene sediments (Figure 
1.2). Several Holocene lava formations can also be found in the region along with several 
rhyolitic exposures which are attributed to Katla’s only Plinian eruption (10 600 years BC). This 
eruption produced over 10 km3 of rhyolite, pyroclastic flows cascaded down Katla’s southern 
flanks and airborne tephra was dispersed to a distance exceeding 1300 km (Thordarson & 
Höskuldsson, 2002). The pyroclastic flows produced during this most explosive of Katla 
eruptions crop out in several places in the field site and are known as the Sólheimar Ignimbrite. 
Figure 1.24 displays the rock types found at the field site, which are mainly lavas and 
hyaloclastites (hydrated, tuff-like breccias containing volcanic glass). These rocks have 
undergone rapid cooling and fragmentation as magma comes into contact with an aqueous or 
subglacial environment during phreatomagmatic eruptions. Palagonite dominates the 
surrounding canyons of Sólheimajökull, which is defined as the first stable product of volcanic 
glass alteration (Stroncik & Schmincke, 2001), forming after magma emplacement, mostly 
during low-temperature hydrothermal alteration (Stroncik & Schmincke, 2001).  
Palagonitisation creates rinds of variable thickness on mafic glass surfaces exposed for 
some time to aquatic fluids (Stroncik & Schmincke, 2001). Depending on alteration 
temperatures, the rock colour ranges from yellow-orangey brown. The rate of palagonitisation 
depends on: temperature, structure of the primary material, reactive surface area of the primary 
material, structures of the precipitating secondary phases, growth rates of the secondary phases, 
time, different fluid properties, affected by porosity and permeability. (Stroncik & Schminke, 
2001). The lightweight nature of palagonite allows it to be easily eroded and transported in a 
flood. A 2 km long Palagonite Terrace lying to the south of Sólheimajökull on Sólheimasandur 
displays the distinctive light brown colour, allowing easy identification in the field, setting it 
apart from the grey gravels or black pumice beds of the sandar (Figure 1.24).  
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Figure 1.24: Geology of Jökulsárgil and surrounding area; (modified from Johannesson et al., 1982 
taken from Sigurdsson et al., 1991). Inset above: palagonite boulder (L. Booth, 2008). Inset middle: 
Thin section micrograph of palagonitised mafic glass: 2,048×2,048 µm (Stroncik & Schmincke, 
2001). Inset below: Palagonite boulder in Jökulsárgil showing clearly the palagonite “rind” formed 
around the basalt fragment, figure for scale (L. Booth, 2008). 
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1.5.2 Sólheimajökull 
Sólheimajökull, (63.32ºN, 19.20ºW) is a 10 km lobate outlet glacier, flowing south from the 
southern rim of Mýrdalsjökull ice cap (Figure 1.25). The glacier flows from between two domes 
on the ice cap (at heights of 1450 m and 1493 m), seen in Figure 1.25b, down a dog-legged 
valley to Sólheimasandur (Lawler, 1991). The catchment area is around 78 km2, 60% of which is 
ice-covered (Tómasson, 1989, pers. comm. from Lawler 1991). Catchment length to the road 
bridge on Highway 1, (circled in Figure 1.25b) is around 17 km (Lawler, 1991). 
Sólheimajökull’s terminus lies at approximately 100 m a.s.l (Maizels & Dugmore, 1985) and its 
equilibrium line altitude (ELA) is at ~ 1100 m (Dugmore, 1989).  Human impact on the 
catchment of Jökulsá a Sólheimassandi is minimal, and somewhat dwarfed by high rates of 
sedimentation and dynamic land-forming processes (Lawler, 1991). 
        
(b)                                                           (c) 
 
Figure 1.25: a) (inset) Mýrdalsjökull’s location in Iceland (Russell et al., 2005)  
b) Location of Jökulsá a Sólheimasandi glaciofluvial system (Modified from Lawler, 1991) 
c) Oblique aerial photograph of Sólheimajökull glacier on 30 Oct. 1985. Photograph no. 7615 by 
O.S, NEA; National Energy Authority Professional Paper 1746 USGS.  Arrow marks Jökulsárgil. 
 
For the purposes of this research, analysis of Sólheimajökull’s long-term fluctuations and a 
detailed moraine record will help constrain a Tenth Century ice limit, of key importance in 
reconstructing the route and discharge of a Tenth Century flood. Dugmore’s (1987) history of 
glacial fluctuations at Sólheimajökull since 7 ka BP forms a key reference in achieving this. 
Glacial limits help reconstruct the extent of what would have been a much larger ice-covered 
catchment area than today. They will also help identify where ice-free valleys (and potential 
jökulhlaup channels) would have been during the Tenth Century (see Aims, Section 1.1).  
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 1.5.3 Jökulsárgil and canyons 
Large bedrock gorges near Sólheimajökull provide spectacular evidence of the erosional power 
of palaeo-jökulhlaup (Guðmundsson & Högnadóttir, 2006; Russell et al., 2010). Jökulsárgil is 
one such gorge; 6-7 km long with a NE-SW trend (Figure 1.25c). It lies between the ice caps of 
Mýrdalsjökull to the east and Eyjafjallajökull to the west. Relief varies from less than 100 m 
a.s.l. in the valley floors up to 800 m a.s.l. on the plateau ridges (Appendix 1a).  
The small outlet glacier, Jökulsárgilsjökull, occupies the upper-reaches of Jökulsárgil (as 
seen in Figure 1.24). Complex geomorphological processes operate in the valleys where erosion 
rates are high. Glacial and periglacial weathering has weakened slopes and rock falls are 
common, often triggered by earthquakes (Sigurðsson, 1991). The hill slopes either side of 
Sólheimajökull are deeply gullied and sparsely vegetated (Lawler, 1991) and coalescing alluvial 
fans rest at the base of steep frost-shattered slopes.  
 
Figure 1.26: Jökulsá River in Jökulsárgil. Sólheimajökull to left of picture. View to South              
(L. Booth, 2008). 
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Sediment on the valley floor is quickly re-distributed by fluvial action of the Jökulsá river or its 
tributaries, and by jökulhlaup. During periods of advance, Sólheimajökull has periodically 
blocked the entrance to Jökulsárgil, damming the Jökulsá (glacier river) potentially creating a 
“sediment trap”. Ice-dammed lakes would form up-valley of the dam whilst ice thicknesses 
remained sufficient to resist the hydraulic pressure exerted on the ice by water stored in the lake.  
Presently, Sólheimajökull is retreating so the Jökulsá flows down-valley unimpeded 
(Figure 1.26a).The canyons adjacent to Sólheimajökull are key locations in searching for 
preserved sediment, offering clues to previous water storage or flow. In a predominantly erosive 
environment such as this, preservation of any sediment may hold vital clues to the processes that 
have occurred here in the past. Þurragil and Jökulsárgil canyons, south-west of the glacier also 
play an important role in reconstructing a Tenth Century flood route and are shown in Figure 
1.27.  
 
 
Figure 1.26a: View to south overlooking Sólheimajökull in 2008, just beyond Jökulsárgil. From 
same view point as Figure 1.26. Vehicle for scale (circled). 
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1.5.4 Sólheimasandur and Skógarsandur 
Sólheimasandur and Skógarsandur cover a 75km2 region of Iceland’s south coast; forming the 
eastern and western portions of a proglacial scoria-rich alluvial fan (Russell, et al., 2010). 
Sólheimasandur, lying east of the Jökulsá river covers 50 km3 of coastal sand and gravel plains 
south of Sólheimajökull glacier (Maizels, 1994). The main morphological units of the sandar are 
illustrated in Figure 1.27.  
 
 
Figure 1.27: Location of Skógarsandur and adjacent areas showing the main morphological units of 
the Sólheimajökull sandur area. From west to east the main sandur zones include the Skógarsandur, 
the active Jökulsá valley, Sólheimasandur, Hólsá Fan, Húsá Fan and Klifandi Fan. The northern part 
of Skógarsandur is overlain by the Skógar pumice fan, which is truncated on its northern margin by 
the Hofsá meander channel. The southern margin of the sandur deposits is marked by continuous 
coastal cliff sections between 3-15 m high (after Maizels, 1989a, from Russell et al., 2010). 
 
 
Jökulsárgil 
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Terraced fan deposits either side of the incised Jökulsá (which currently flows from Jökulsárgil 
south towards the Atlantic) reflect repeated jökulhlaup events on Sólheimasandur. The sandar are 
known as type-sites for Icelandic volcanogenic floods and their sedimentary characteristics 
(Einarsson et al, 1980; Maizels & Dugmore, 1985; Maizels, 1989a, 1989b, 1991, 1993, 1997; Le 
Heron & Etienne, 2005; from Russell et al., 2010). 
 
1.6 Flood history of Sólheimasandur and Skógarsandur  
Sólheimasandur’s flood history has been compiled using tephrochronology, sedimentology, 
lichenometry and geomorphic techniques (Maizels & Dugmore, 1985; Dugmore 1989; Maizels, 
1989 a, b, 1991, from Maizels, 1994). Maizels (1994) has identified a clear sedimentological and 
palaeohydrologic distinction between Sólheimajökull sandur deposits: 
 
a) Post Little Ice Age (1840) ice-dammed lake drainage jökulhlaup: deposits of which are 
characterized by heterogeneous, clast-supported cobble-gravel sheets and river terraces. Peak 
discharges range from ~103 to 75.103 m3 s-1 (Maizels, 1994). These lesser discharges are seen to 
reflect sudden periodic drainage of ice-dammed lakes from ice-marginal locations such as 
Jökulsárgil (Maizels, 1994). The last large jökulhlaup to drain from the ice-dammed Jökulsárgil 
occurred in 1936 (Thorarinsson, 1939). As the ice has subsequently thinned, the damming of 
lakes in Jökulsárgil has become less frequent, with smaller lake volumes periodically impounded 
between 1990 and 1991 (Tweed, 2000a, 2000b). 
 
b) Mid-late Holocene volcanic jökulhlaup: deposits dominated by thick (>10 m) units of 
granular, pumice sediments, deeply dissected lobes, debris-flow type deposits and unilithic 
palagonite boulder deposits (Maizels 1987 a, b; 1989 a, b; 1991; from Maizels, 1994). It is one of 
the last major mid-late Holocene jökulhlaup which this research aims to recreate. With 
discharges above 104 m3 s-1 these floods were the last catastrophic events to shape the sandar of 
south Iceland and have far-reaching effects within the sandur stratigraphy. 
 
At least eight major (pumice producing) jökulhlaup have occurred at Sólheimajökull between 
4500yr BP and 1357 AD (Maizels & Dugmore, 1985; Maizels, 1989a, 1989b; from Russell et 
al., 2010). Flood peaks of these volcanic events are estimated to range in magnitude from ~ 2.5 x 
104 to 3.3 x 105 m3 s-1 (Maizels, 1994). Palaeohydraulic reconstruction techniques have been 
33 
 
 
used by Maizels (1989a) to estimate peak discharges of prehistoric jökulhlaup at Sólheimajökull. 
Figure 1.28 displays these discharges, and shows the largest floods with magnitudes ~ 105 m3s-1 
occurring approximately every 1000 years (Russell et al., 2010). 
 
 
Figure 1.28: Estimated long term variations in jökulhlaup and non-jökulhlaup peak discharges, 
Sólheimasandur deposits. Estimates are based on minimum and maximum discharge predictions 
from models of Costa (1984). Sources of dating evidence are largely based on Maizels & Dugmore 
(1985) and Dugmore (1987). The discharge estimates indicate that the jökulhlaup recorded in the 
stratigraphic record were associated with flows averaging 103 m3s-1. Non jökulhlaup sandur 
deposits were associated with peak flows ranging between only about 5 x 102 and 104 m3s-1 (after 
Maizels 1989a). 
 
Sólheimasandur and Skógarsandur experienced several jökulhlaup in the early Tenth Century 
(Dugmore, 1987; Dugmore et al., 2000), one of which forms the focus for this research. This was 
to be the last major terrace-forming jökulhlaup at Sólheimasandur. Descriptions of this flood are 
recorded in historical documents and relayed through the Icelandic sagas, emphasising its 
importance and impacts on the communities that lived there at the time. 
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1.6.1 The Tenth Century flood 
Sigbjarnarson (1973) refers to a large flood at Sólheimajökull in the Tenth Century (Figure 1.29), 
which was historically recorded in the Landnámabók (Icelandic Book of Settlement), Loðmund 
the Old, pp. 115-116 (from Maizels & Dugmore, 1985). An excerpt from “Sturlabok” (written 
between 1275 and 1280) from the Twelfth Century Landnámabók reads: “In this way, each of the 
Sorcerers kept directing the flood away from his farm, until they met each other at a certain 
ravine. So then they came to an agreement that the river should flow where the distance to the 
sea was the shortest. This river is now called Jökuls River, and forms the Quarter Boundary” 
(Appendix 11). 
Einarsson et al., (1980) relate the flood to a Katla eruption c. 930 AD. Flood deposits are 
found just above the ~870 AD Landnám tephra but it remains unclear whether the flood occurred 
as a result of the 920 AD Katla or ~934 AD Eldgjá eruption (Larsen, 2000, 2010).  
 
 
Figure 1.29: Flood routes of historical jökulhlaup on Skógar and Sólheimasandur, possibly in 920 
AD or ~934 AD. Also shown are two farms threatened by the flood described in the Book of 
Settlement. Skógarsandur was deposited 1,200-1,300 years ago. Modified from Larsen, (1978; 
2010). 
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This flood is important in terms of its scale and the sedimentary signature it left behind, 
warranting further investigation. Its route has never been mapped in detail; which this research, 
by gaining key pieces of field evidence, aims to accomplish. If the characteristics of this flood 
can be ascertained, i.e. route and sedimentary signature, it will allow comparisons (and 
predictions) to be drawn for other flood events, both at Sólheimajökull and elsewhere.  
Katla’s 1860 eruption again discharged floodwater through Sólheimajökull (Hákonarson, 
1860; Björnsson et al., 2000; Larsen, 2000). Most recently however, a relatively short-lived 
jökulhlaup occurred at Sólheimajökull in 1999. As the most recent flood, and therefore most 
accurately recorded (e.g. Roberts et al., 2003), it forms a model for testing reconstruction of the 
Tenth Century event, in terms of erosional and depositional features, albeit on a different scale of 
magnitude.  
 
1.6.2 1999 flood 
This relatively small jökulhlaup emerged from Sólheimajökull’s western margin in 1999. It was 
significant in that as well as being a volcanically-generated jökulhlaup, it was also the last ice-
dammed lake emptying event at the glacier. The meltwater flooded a relic ice-dammed lake 
basin 3.7 km above the glacier snout (Russell et al., 2010). The basin drained via spillways into a 
lower ice-dammed lake in Jökulsárgil (Figure 1.30), reactivating meltwater channels which had 
otherwise been abandoned as Sólheimajökull had receded. The geomorphological impacts of the 
1999 flood are discussed in more detail in the Literature Review (Chapter 2). 
 
Figure 1.30: Immediate post-flood view of Jökulsárgil in 1999 illustrating the up-valley extent of 
glacier ice and glaciolacustrine debris derived from Sólheimajökull. View to North. July 1999 
(Roberts et al., 2003). 
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A small debris fan was deposited by the release of floodwater at the mouth of Jökulsárgil, seen in 
Figure 1.31. By comparing this recent event to historical floods when ice thicknesses would have 
been much greater across the entrance to Jökulsárgil, the valley could have potentially held much 
larger amounts of water, which, if released suddenly, could have caused catastrophic flooding 
onto Sólheimasandur. 
     
Figure 1.31 (above): Debris fan deposited at the mouth of Jökulsárgil after the 1999 flood (L. Booth, 
2008). Arrow denotes direction of flood water and dashed lines represent approximate edges of 
the fan. (Below): Ice blocks from the 1999 jökulhlaup stranded near the road bridge 4km to 
south. (Photograph by Árni Sæberg, from Bjarki Friis, 2011). Arrows point north in both 
images. 
 
Jökulsárgil                                          Sólheimajökull 
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1.7 Summary 
The field site is therefore an ideal location for observing the dynamic interactions between 
glacial and volcanic activity over time, and the resulting jökulhlaup hazard. Figure 1.32 gives a 
schematic overview of the field site, identifying the various components of this research in 
linking flood sources, pathways and deposits. It also highlights the many variables involved in 
recreating past flood events and how their deposits reflect the differing flood mechanisms and 
means of emplacement. 
Despite being predominantly an erosive environment, this region has some areas of 
remarkably well-preserved sediment, giving valuable opportunities to recreate major historical 
natural events, such as the Tenth Century flood. By using both volcanic history and glacial 
fluctuations as a dating framework for these sediments, the aim is to refine a chronology of flood 
events for Sólheimasandur. The following literature review provides a detailed account of 
jökulhlaup generation mechanisms and their associated deposits; providing a theoretical basis by 
which to identify and interpret deposits of the Tenth Century flood. 
 
 
Figure 1.32: Schematic overview of the field site, showing major natural processes and potential 
flood paths.  
 
 
 
38 
 
 
1.7.1 Research objectives 
In support of the overarching Aims (Section 1.1), four main objectives, alongside synthesis of 
field evidence and published literature, will generate a detailed geomorphic reconstruction, and 
visual simulation, of the last major jökulhlaup to occur at Sólheimajökull, collecting information 
on linking flood trigger mechanisms, pathways and deposits: 
1) Identification of Tenth Century ice limits of Sólheimajökull. This will locate areas from where 
floodwater might have emerged, during a Katla eruption or an ice-dammed lake emptying event, 
and the likely pathways taken by floodwater at the time. 
2) Evaluation of the pathways and deposits of recently-observed floods at Sólheimajökull (e.g. in 
1999). Although on much smaller scales of magnitude than in the Tenth Century, there are clues 
to be gained from well-documented, recent floods in reconstructing historical events (and vice-
versa); the features of which may have become less well-defined over time.  
3) Collection of field evidence in dating the sediments deposited by the Tenth Century flood 
through tephrochronology. 
4) Use field results to develop an interactive, 3D visualisation showing the Tenth Century flood 
“in progress”, recreated for the first time, as a prototype model for simulating volcanic 
jökulhlaup; and to emphasise this key event within an extensive regional flood chronology. 
 
3D visualisation of field results is a relatively untested and innovative area in which to model 
(past and present) geomorphic events. In terms of communicating field results, perhaps as a 
hazard mitigation tool, it holds exciting possibilities if carried out correctly. There is a pressing 
need to educate and inform regarding the nature of glacio-volcanic hazard or risk to people that 
visit the region but by no means is this need unique to the environs of Sólheimajökull. This 
project will test the efficacy of visualisation software in being able to present results visually and 
with ease, to a range of end users. If deemed successful, the visualisation may be applied to other 
glacio-volcanic areas to show similar geomorphic reconstructions at other sites, perhaps initially 
at different outlet glaciers from Mýrdalsjökull, opening up new, potentially limitless avenues for 
sharing data. The flexibility of the model is paramount, to encompass new data, or new findings, 
and its output-sharing properties will be its greatest test, i.e. video-files which may be shared 
instantly online, or viewed on electronic devices in the field. In this manner, visualisation may 
complement but may also greatly exceed the “client” scope of traditionally-presented field data. 
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2.1 Introduction 
Since Icelandic settlement (Landnám) in the late 9th Century, many references have been made to 
catastrophic floods in the annals and sagas. Inhabitants of Iceland’s south coast have long been 
aware of the natural hazard which periodically threatens their livelihoods (Costa & Schuster 
1988, Roberts et al., 2003; Carrivick 2007). The word jökulhlaup originally described floods 
emanating from the Vatnajökull ice cap but is now a widely-used term describing glacial 
outburst floods globally. Jökulhlaup can be caused by sudden draining of ice-dammed lakes or 
by subglacial geothermal activity. This review covers the published literature on both trigger 
mechanisms, evaluating their characteristic hydrology, geomorphology and sedimentology.   
References are made to the specific nature of the hazard at Sólheimajökull.  Two triggers 
within the field site capable of producing contemporary and historic floods are: 
a) Subglacial volcanic eruption of Katla melting the ice of Mýrdalsjökull ice cap;  
b) Lake drainage from ice-dammed lakes (e.g. in Jökulsárgil canyon). 
Dating techniques and existing chronologies for Sólheimasandur are evaluated in terms of 
accuracy as, over time, improved methods have produced differing results. Figure 2.1 illustrates 
the multi-faceted nature of this research and the many variables that play a part in reconstructing 
Sólheimajökull’s flood history. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: Compiling a chronology of floods at Sólheimajökull: drawing on volcanic and glacial 
records, and hydrological, sedimentary and geomorphic evidence. 
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Despite the Icelandic terminology accepted widely in referring to a glacier flood, 
“jökulhlaup” are not unique to Iceland. They occur within virtually all glaciated regions of the 
world, with increasing prevalence from moraine and ice-dammed lakes as a result of present 
deglaciation rates increasing due to a warming climate and more intense rainfall events 
(Carrivick, 2011). World-wide, their effects have been felt in settlements of mainland Europe, 
North and South America, Asia and in New Zealand (Benn & Evans, 1998), meaning 
understanding of their dynamics and resultant hazard potential is of global relevance. Recent 
jökulhlaup have emanated from mountain glaciers in Scandinavia, Alaska and Canada (e.g. 
Nostetuko Lake in British Columbia in 1983), (Benn & Evans, 1998), in Patagonia, the European 
Alps, the Himalaya, New Zealand (e.g. Mt Ruapehu’s crater lake in 2007) and from ice sheet 
margins in Greenland (e.g. Russell Glacier, west Greenland in 2007), (Carrivick, 2011).  
“Jökulhlaup landscapes” (Maizels, 1997) are seen not only on Iceland’s southern coastal 
plains, but in areas of southwestern Alaska, western Greenland, Baffin Island (Maizels, 1997), 
which all display depositional landforms left behind after large floods. The Channelled 
Scablands of the Columbia Plateau, in Washington State, for example, display “hundreds of 
streamlined, residual hills, longitudinal grooves and giant potholes, scours and plunge pools” 
(Maizels, 1997). These remnant features indicative of past jökulhlaup, will be explained further 
in this review and are essential for the purposes of this research, in that identification of these 
same features will aid the reconstructive process at Tenth Century Sólheimajökull. 
In Iceland, the legacy of large floods can be seen at various locations such as the canyon 
of Jökulsá á Fjöllum in the northeast of the country, but it is the ice-covered volcanoes of 
Grímsvötn, Katla and Eyjafjallajökull near the south coast that provide the ideal contemporary 
study grounds for investigating present and palaeo-jökulhlaup features and assemblages. An 
accessible location is provided to study examples from across the range of jökulhlaup surfaces 
and deposits from both limno-glacial (lake drainage) and volcano-glacial sources, (all of which 
will be discussed further in this chapter), thereby placing into context, the features to be 
identified during fieldwork in reconstructing a Tenth Century flood at Sólheimajökull. In order to 
accurately identify Tenth Century flood deposits on Sólheimasandur, it is essential to first be 
able to distinguish between “normal” sandur sediments from those produced by jökulhlaup. This 
review will also discuss the differences between the two types of deposits and these differences 
will remain of key importance throughout the research.  
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2.1.1 Sedimentological research  
Sedimentological research into Icelandic sandar began in the 1960s (Marren et al., 2009). 
Initially, studies concentrated on modern braided channels and developed models of braided 
river sedimentation (Krigström, 1962; Bluck, 1974; Boothroyd & Nummedal, 1978; from 
Marren et al., 2009) with only minor regard to the occasional, highly-erosive impacts of 
jökulhlaup on sandur development. During the past few decades, geomorphologists have re-
assessed the association between extreme floods and landform development (Magilligan et al., 
2002). Specific studies into jökulhlaup sedimentation (Church, 1972; Maizels, 1989a, b, 1990, 
1991, 1992) have revealed the major influence of floods on sandar morphology. Although 
relatively rare events, volcanically-triggered floods are estimated to have produced >85% of the 
total thickness of proglacial sandur sediments in southern Iceland, their morphological effects 
dominating the landscape (Maizels 1989a). Therefore, many sandur sediment sequences, 
including Sólheimasandur, are dominated not by the “normal” braided river deposits, but instead 
by distinctive, thick flood sediment units caused by outburst floods (e.g. Jónsson, 1982; Maizels, 
1989a, b, 1991; from Maizels, 1994). This illustrates the importance of jökulhlaup in shaping 
sandar morphology, capable of completely re-sculpting sandar topography in single flood events. 
The Tenth Century flood at Sólheimajökull was a key example of such an event.  
Marren (2009) describes the sedimentological study of sandur deposits as an 
“opportunistic science,” dependent on finding suitable field sections (such as those created by 
sandur incision during floods). Jökulhlaup at Skeiðarásandur in 1996 (Russell & Knudsen, 
2002), Sólheimasandur in 1999 (Russell et al., 2002, 2006) and at Kverkfjöll in 2002 (Rushmer, 
2006) have provided opportunities in which to study the direct sedimentary effects of jökulhlaup 
on sandar surfaces (Marren et al., 2009) and have allowed re-assessment of the earlier models of 
jökulhlaup sedimentation (Smith et al., 2000; Magilligan et al., 2002; Russell et al., 2006; Smith 
et al., 2006). Technologically advanced imaging techniques such as ground-penetrating radar 
(Marren, 2009) have further progressed understanding of large-scale structures of sandur and 
jökulhlaup deposits (Russell et al., 2001; Cassidy et al., 2003; Russell et al., 2006; Carrivick, 
2007). Duller (2008) has presented large-scale architectural structures such as channels and 
lateral accretion surfaces within distal jökulhlaup deposits on Skógarsandur that were previously 
unknown, this illustrates that, as new techniques emerge, the study of sandur evolution will 
continue to progress.   
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It is important to study jökulhlaup in relation to their specific physical environment, or 
setting. Marren (2009) notes that the south Icelandic outwash plains have often been used as a 
basis for sandur development models (Boothroyd & Nummedal, 1978; Russell et al., 2006; 
Smith et al., 2006) and that it is undesirable to expect all sandar to conform to one model due to 
the wide variety of physiographic and glaciological settings of present and past sandar (Marren, 
2004, 2009). The idea of using modern sandar as templates for modelling Quaternary sandar has 
been questioned (Zielinski & van Loon, 2002), when observing differences between the sandar 
of southeast Iceland and those in continental Europe (Marren, 2009). Studies of Kverkfjöll, an 
inland, high gradient, high elevation sandur on the northern margins of Vatnajökull, offer a 
comparison with the sedimentology of volcanically-sourced jökulhlaup on the low-elevation, 
gently-sloping coastal sandar of southern Iceland (Marren, 2009) and illustrate the importance of 
understanding the many complex factors involved in jökulhlaup sandur evolution (Figure 2.2).  
In summary, recent models of jökulhlaup sedimentation tend to be less confining than 
earlier models, taking into account a wider range of variables and processes. Earlier models are 
essential tools for identifying features of jökulhlaup morphology on sandur plains, but the 
importance of using modern surveillance and imaging techniques in observing live jökulhlaup, 
such as in 1996 and in 1999, cannot be underestimated. 
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Figure 2.2: Simplified model of the factors controlling the flow and sediment characteristics of 
jökulhlaup floods (modified from Maizels & Russell 1992; from Maizels 1997). 
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2.1.2 Jökulhlaup hydrology 
 
Jökulhlaup hydrographs (Figure 2.3) are distinctive from those of normal, braided outwash river 
regimes in that they have a gradual (or rapid) linear rise to peak discharge as englacial tunnels 
progressively enlarge to accommodate the flow (Björnsson, 2002). Peak discharges can reach 
several orders of magnitude higher than ablation-dominated river flow (Clague & Matthews, 
1973; Björnsson 2002; Carrivick 2007) and a sharp decrease back to “normal” flow is seen. 
Figure 2.3 shows a comparison between jökulhlaup at Grímsvötn and Katla created by drainage 
of subglacial reservoirs, Katla’s subglacial eruptions of 1918 and 1955, and draining of ice 
dammed lakes. 
 
Fig 2.3: Hydrographs produced during Icelandic jökulhlaup generated from sudden drainage of 
subglacial reservoirs in areas of geothermal activity (Grímsvötn); of ice-dammed lake lakes 
(Grænalón, Skaftavkvos and Vatnsdalslón); and from subglacial volcanic eruptions (of Katla), 
based on Thorarinsson (1957); Björnsson (1988), from Maizels and Russell (1992).  
 
Figures 2.3 and 2.4 illustrate just how rapidly Katlahlaup can reach peak discharge; much more 
rapidly than at other sites. The spiked hydrograph of Katla floods tends to be sharper than at 
other broader, flatter ice caps atop less steep-sided subglacial calderas; where waters are released 
more gradually taking several days to reach peak discharge, then gradually subsiding, such as at 
Gjálp in 1996. The sharpness of Katla’s hydrograph is due to its capacity to store water at the 
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eruption site and release it in one go. The heat flux in Katla eruptions is also extremely high and 
the melting rate of ice is an order of magnitude higher than for example at the 1996 Gjálp 
eruption on the Vatnajökull ice cap (Björnsson, 2002).  Katla eruptions can break through an ice 
cover of 400 m thickness in just one to two hours (Björnsson et al., 2000) with floods reaching 
the sandur plain very rapidly. Figure 2.4 illustrates that although the total discharge of the 1996 
Gjálp flood was much greater than at Sólheimajökull in 1999, the peak discharge was reached 
much faster at Sólheimajökull, in just one hour.  
 
 
Fig 2.4: Flood hydrographs for the Nov 1996 Gjálp flood and the 1999 Sólheimajökull flood. 
Skeiðarajökull hydrograph adapted from Snorrason et al., 1997 (From Roberts et al., 2000). 
 
Jökulhlaup can last from hours up to several weeks (Björnsson, 1992, 1998). Variations in the 
hydrograph may represent temporary storage of water in ice-dammed lakes and temporal 
changes to the englacial tunnel network distributing the water. The location of the eruption site 
within the caldera is also important in determining the nature of the flood hazard due to varying 
ice thicknesses; Figure 2.5 shows the estimated peak discharges from various locations within 
Eyjafjallajökull and Katla calderas (Guðmundsson et al., 2005). It shows that Sólheimajökull’s 
catchment lies within an area capable of producing large floods with peak discharges of 100,000 
m
3s-1 or above. 
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Figure 2.5: Katla and Eyjafjallajökull jökulhlaup: Size categories based on calculated possible peak 
discharge (Guðmundsson et al., 2005). 
 
 
2.1.3 Jökulhlaup geomorphology 
A considerable amount of literature exists on proglacial features caused by jökulhlaup indicating 
that floods can produce a distinctive suite of erosional and depositional landforms in proglacial 
areas (Maizels et al., 1992). Sólheimasandur hosts many of these landforms making it a good 
location for research into glacio-volcanic flood sedimentology.  
Major features of jökulhlaup-washed sandar include kettle holes (created by the melting 
of stranded ice blocks, dumped by the flood). A pitted sandur surface (Price 1969; Klimek 1972; 
Churski 1973; Lundqvist 1983) includes keel marks from rafted ice blocks scouring the sandur 
surface and also ice-block obstacle marks (Maizels, 1992).  Hummocky terrain and deposition of 
large boulders atop feathered-edge moraine banks also point to the size (and direction) of 
previous, powerful floods, seen in Figure 2.6.  
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Figure 2.6: “Whaleback” moraines (vegetated) moulded by floodwater at Sólheimasandur. 
Hummocky terrain in the foreground is a key feature of flood-washed proglacial areas and large 
boulders (3-4 m diameter) strewn across the flood surface indicate the magnitude of the floods that 
occur here.  (Flow would have been from left to right of image). View to south (L. Booth, 2008). 
 
Maizels (1992) identified up to 150 boulder ring structures on Mýrdalssandur formed in 
floods, such as during Katla’s 1918 volcanic jökulhlaup. Boulder rings with rims up to 4 m high 
and 40 m diameter contain laminated sediments (Russell et al., 2010). The ring rims and 
diamicton fills represent melt-out of coarse sediment entrained in debris-rich ice blocks. 
Laminated sediment fill indicates deposition within a kettle hole melt pond, contained within the 
ring structure (Maizels, 1992; Olszewski & Weckwerth, 1999; from Russell et al., 2010). Figure 
2.7 shows the four types of kettle hole, in order of increasing ice block sediment entrainment.  
Maizels’ findings suggest that many other recent and Pleistocene kettle sediments and their host 
deposits may in fact be of jökulhlaup origin (Maizels 1992). 
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Figure 2.7: Classification of jökulhlaup kettle-hole forms in cross section, based on debris content 
of the original ice blocks, ranging from clear ice blocks (Type 1) to debris-saturated ice blocks 
(Type 4)  (Maizels 1992). 
 
It is important to note that Tenth Century flood deposits will not be as well preserved as those of 
more recent floods (such as 1999 for example). Episodes such as the Little Ice Age which saw an 
expansion in drainage networks and in glacial limits will have overwritten many of the features 
that might otherwise have been better-preserved, meaning evidence will now be piecemeal. In 
reconstructing this major flood, occurring over 1000 years ago, it is therefore important to use 
younger flood deposits in helping to identify palaeo-jökulhlaup features; whilst remaining aware 
that older deposits may be eroded or be less prominent on the sandur surface, perhaps even 
buried or significantly re-modified by more recent floods. 
 
2.1.4 Jökulhlaup sedimentology 
Maizels (1997) distinguishes between sandur morphologies defining three main categories: Type 
I represents normal, braided outwash surfaces; Type II sandur is created by sudden ice-dammed 
lake drainage and Type III surfaces are created by volcanically-generated flood events (Figure 
2.8). Each surface type has distinctive depositional landforms and sedimentological 
characteristics. Distinguishing between these outwash surfaces allows for more accurate 
reconstruction of landform evolution and a more constrained flood history at Sólheimajökull.  
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Figure 2.8: Vertical lithofacies models of sandur development in Type I, II and III surfaces. 
(Maizels 1997) Key to symbols, Appendix 2. 
 
 
Maizels (1989a, 1989b, 1991, 1992, 1993) related vertical lithofacies sequences to flow 
rheology, the jökulhlaup hydrograph and sediment supply (Russell et al., 2010). The “flashy” 
hydrograph in Type III represents the volcanic floods that periodically inundate Mýrdalssandur 
and the sedimentary profile they create is explored in more detail in Section 2.3.1. Jökulhlaup 
sedimentology is dependent on the availability of sediment, the nature of that sediment and the 
type of flow, as summarised in Figure 2.9 (Maizels, 1989a).  
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Figure 2.9: Simplified model indicating the types of sedimentary structures produced during flood 
flows of varying fluid-sediment composition (Maizels, 1989a).  
 
Figure 2.9 illustrates that as sediment concentration increases, so too does the viscosity and 
cohesion of the flood, thereby changing the “dominant clast-support mechanism” and 
subsequently the resulting morphology of the deposit (Maizels, 1989a).  
As sediment concentration increases, dispersive stresses begin to dominate over turbulent 
uplift, meaning that particles can be widely dispersed throughout the flow, with larger particles 
migrating to the edges and particularly the surface of the flood. The resulting deposits exhibit 
massive, poorly-structured, non-graded (or inversely graded) homogenous gravels (Maizels 
1989a), which are characteristic of hyperconcentrated flows (seen in Figure 2.15 b). If sediment 
concentration continues to increase further, flows reach a high yield strength, similar to a debris 
flow. These floods produce massive, matrix-supported, poorly-sorted deposits containing a 
heterogeneous mix of angular clasts, displaying a lobate morphology (Maizels, 1989a).  
Figure 2.9 forms a template by which to interpret flood units on Sólheimasandur. By making 
connections between field evidence and published literature, drawing on examples such as 
Maizel’s lithofacies classification (Figures 2.8, 2.9 and Appendix 2), this research aims to 
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reliably distinguish volcanic jökulhlaup deposits at Sólheimasandur from normal braided river 
deposits, and ice-dammed lake emptying events.  
 
2.2 Types of ice-dammed lakes 
An ice-dammed lake can be defined as “a substantial body of standing water, located in, on, 
under or at the margin of a glacier, such that its existence is in some way dependent on damming 
by glacier ice” (Blachut & Ballantyne, 1976). There has been increased understanding in recent 
years about the behaviour of glacier-impounded lakes (or ice-dammed lakes). Tweed & Russell 
(1999) acknowledge the importance of the 1996 Grímsvötn jökulhlaup in raising awareness of 
such events amongst public, planning and scientific communities alike.  Published literature into 
the actual formation of the lakes is however lacking, with most research focusing on already 
established lakes rather than specific factors involved in their creation (Tweed & Russell, 1999). 
The three types of ice-dammed lake are supraglacial, subglacial and ice-marginal. At 
Sólheimajökull, subglacial lakes exist beneath the surface depressions of ice cauldrons on the 
Mýrdalsjökull ice cap due to geothermal heating from Katla (Björnsson, 1992, 2002; 
Guðmundsson et al., 1995). Figure 2.10 illustrates the formation of subglacial lakes and their ice-
surface cauldrons (Björnsson, 2002). 
 
 
 
Figure 2.10: A schematic drawing of two main types of subglacial lakes (a) a stable lake and (b) an 
unstable lake that drains in jökulhlaup (Björnsson, 2002). 
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Previously, ice-dammed lakes were classified by their location in relation to the damming ice 
mass (Rabot 1905; Maag, 1969; from Tweed et al., 1999). In 1957, Hutchinson identified seven 
simple categories of ice-dammed lake in relation to topography. Blachut & Ballantyne (1976) 
compiled a numerical matrix by which to classify lakes taking into account flood discharges, 
drainage routes and lake-basin areal extents (Tweed et al., 1999). Their model could be modified 
to suit individual ice-dammed lakes but required close monitoring of the specific lake to acquire 
the data needed for the matrix to work.  
Costa & Schuster (1988), basing their work on that of Blachut & Ballantyne, identified 
nine varieties of ice-dammed lake reflecting the diversity of environments in which they are 
found. However, they neglected to recognise subglacial calderas as a distinct category (Tweed et 
al., 1999). Thorarinsson (1939), Rist (1983) and Björnsson (1992) have all studied the 
distribution and location of Icelandic ice-dammed lakes.  
Evans & Clague (1994) recognised the link between glacial oscillations (and consequent 
changes in the thickness of the ice dam) and preservation and drainage behaviour of ice-dammed 
lakes. “The jökulhlaup cycle” was the term they used to explain this linkage. It infers that as an 
ice dam retreats past a critical thickness, when it is unable to support the weight of the water, the 
dam will fail; its ice-dammed lake draining in the “jökulhlaup phase”. Subglacial tunnels will 
form to accommodate the flow but once the lake basin is empty, these conduits can re-seal 
(Röthlisberger 1972; Nye, 1953, 1976; Jones et al., 1985; Hooke, 1984, 1989; Hooke et al., 
1990). This causes ponding to begin again until the water reaches the critical height for which to 
overcome the ice barrier. The timing of this cycle is unique to each ice-dammed lake and the 
process can only be stopped either when glacial advance permanently dams the lake (allowing no 
drainage) or glacial retreat allows constant free drainage of the lake (Tweed et al., 1999). Rabot 
(1905) first noted the cyclical nature of floods at Sólheimajökull: “The (Sólheimajökull) floods 
are due to the outflow of a Randsee (border lake). They often occur several times in one 
summer.” 
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2.2.1 Jökulsárgil’s ice-dammed lake 
 
 
Figure 2.11: The first topographic map of Sólheimajökull in 1904. The Lónið (Lake) is clearly 
visible in Jökulsárgil (Danish General Staff Map No.69 NV). 
 
Previously, as Sólheimajökull’s terminus blocked Jökulsárgil (Figure 2.11), jökulhlaup from 
periodic lake drainage were more frequent, particularly during the Little Ice Age: “The flood of 
water levels the moraines and transports their materials into the bed of the torrent, which sweeps 
off to the sea an enormous mass of gravel, drift-ice and vast blocks” (Thoroddsen, 1893).  
The first topographic map of Sólheimajökull (Figure 2.11), drawn in 1904, shows 
Jökulsárgil’s ice-dammed lake. Depending on how long water levels remained static, it is 
possible that geomorphic evidence of former lake levels might be preserved on the slopes of the 
valley sides (Figure 2.11a). A potential sediment trap is also created wherever there has been 
standing water for a substantial period of time. It is these areas which will form key localities in 
searching for flood evidence throughout this research. 
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Figure 2.11a: Images taken in the early 1990s of ice-dammed lake shorelines in Jökulsárgil formed 
by temporary cessations in lake drainage (arrowed). Figure for scale standing on one of the 
shorelines (circled). The highest shoreline lies at 21.5 m above the valley floor. Above image: facing 
north up Jökulsárgil. Below: facing east, Sólheimajökull to right of image (F. Tweed, 1992).  
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2.2.2 Potential mechanisms of catastrophic ice-dammed lake breach at Sólheimajökull 
 
In the early 1990s, Knight & Tweed (1991) and Tweed (1992) explored the various options for 
catastrophic ice-dammed lake drainage from the locality, Jökulsárgil, as described as follows: 
 
1. Overspill- this mechanism of ice-dammed lake drainage requires the level of water 
stored in a lake to reach an overspill point on either the valley sides (perhaps a col), on 
the ice, or at the junction between the rock and ice (Figure 2.11b).  In order for an ice-
dammed lake in Jökulsárgil to overspill the 1992 glacier surface (via the lowest ice/rock 
contact point at the glacial margin, which lies at a height of 177.36 m a.s.l.) the lake 
would have needed to be 49.59 m deep upstream of the 1992 ice dam (Tweed, 1992). 
When related to Tenth Century conditions, for the purposes of this study, this seems 
much more feasible a mechanism for drainage than in more recent times. 
 
  
Figure 2.11b: Catastrophic ice-dammed lake drainage via overspill mechanism (Tweed, 1992). 
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2. Volcanic activity- This is unlikely to be a direct trigger although Tweed (1992) does 
state that it may perhaps indirectly initiate drainage by de-stabilising the “current glacier 
configuration” whereby the lake might drain through crevasses or weak zones in the ice 
(Tweed, 1992), similar to an earthquake or tremor, which although unlikely, can’t be 
ruled out entirely. Whilst there are no specific geothermal areas within this part of the 
valley itself, there are nearby geothermic influences from Katla which as this research 
shows, can have a knock-on effect on the lake level, such as spillways which are capable 
of diverting water from the western edge of Sólheimajökull to the valley Jökulsárgil. 
3. Glen mechanism- in order for this to occur at Sólheimajökull, Tweed (1992) states the 
lake depth would have to reach a lake depth of 200 m for the water pressure in the lake to 
exceed the strength of the retaining ice dam, based on her calculations on the ice dam in 
1990s. Tweed (1992) explains Sólheimajökull would need to thicken within the vicinity 
of the ice dam at Jökulsárgil by 150.41m (based on 1992 ice heights) to provide the lake 
the opportunity to fill to a depth which would permit the Glen mechanism to occur. 
Tweed (1992) considers this to be unlikely of course, but for the purposes of this 
research, in reconstructing a Tenth Century environment, where Sólheimajökull was 
significantly expanded, this can also be considered a possibility. 
 
 
Figure 2.11c: Catastrophic ice-dammed lake drainage via the Glen mechanism (Tweed, 1992). 
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4. Cavitation by accelerated basal sliding 
Tweed (1992) explains that if the flow velocity of a glacier increases, cavities may open 
up downstream of an obstacle, similarly, these cavities may close again as flow velocity 
decreases when the relatively slow-moving ice is able to maintain better contact with its 
underlying rock surface. Tweed (1992) suggests that increases in glacier flow velocity 
may be expected after periods of heavy rainfall, as more water flows along the glacier 
bed, likely to cause formation of cavities as the glacier loses adhesion with its bedrock 
surface (Knight & Tweed, 1991). An ice-dammed lake, if open to these cavities, will 
drain into it (Tweed, 1992). This mechanism for ice dam failure therefore relies on 
understanding the behaviour of the retaining ice wall rather than the ice-dammed lake 
itself (Tweed, 1992). 
 
5. Ice dam flotation- this was thought to be the most likely mechanism for periodic breach 
of Jökulsárgil’s ice dam, based on ice conditions in the early 1990s (Tweed, 1992). The 
flotation mechanism is based on the relative densities of water (1g/cm3), and ice 
(~0.9g/cm3 in glaciers). Ice dam flotation is said to occur when the water depth in an ice-
dammed lake reaches 90% of the height of the retaining ice dam, escaping via the 
ice/rock contact at the glacier bed and draining the lake (Tweed, 1992).  
An additional factor of rock debris being entrained within an ice dam will increase this value 
slightly (Figure 2.11d). Rock debris has a density greater than ice, typical values range between 2 
- 4 g/cm3 (Tweed, 1992). Assuming an average debris density of 3 g/cm3, and an ice density of 
0.9 g/cm3, an increase of rock debris by 1% (by volume) in a retaining ice dam would require an 
increase in the depth of lake water by an additional 2.1% for flotation to occur (Tweed, 1992). 
Therefore debris-free ice (as shown in Figure 2.11e) will float at 90% of the ice dam whereas 
debris-containing ice will only float when the lake depth reaches 92.1% of the ice dam. Flotation 
therefore depends on debris density, concentration of debris in an ice dam, indeed if the debris 
contained is at too great a concentration, dam flotation may be suppressed altogether (Tweed, 
1992).  
 These mechanisms will be revisited as part of the Discussion Chapter in presenting a 
realistic trigger mechanism for a significantly more advanced Sólheimajökull than at present, 
specifically, in relation to its Tenth Century ice limits, and the surrounding ice-marginal 
environment at the time, including features such as an expanded ice-dammed lake. 
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Figure 2.11d: Relationship between height of ice dam and debris content in enabling ice dam 
flotation (Tweed, 1992). 
 
 
Figure 2.11e: Catastrophic ice-dammed lake drainage via ice dam flotation mechanism (Tweed, 
1992).  
2.3 Comparison between volcanic floods and ice-dammed lake drainage events 
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When comparing magnitude and frequency of volcanically-generated jökulhlaup with floods 
produced by ice-dammed lake drainage, volcanic events are rarer but their magnitudes can be 
much higher. Seventeen volcanically-generated jökulhlaup have been recorded from Katla and 
forty from Grímsvötn in historical times (Björnsson 1975). Björnsson (1976) notes several minor 
jökulhlaup from draining of ice-dammed lakes occurring over the same time period.  
Jökulhlaup hydrographs of volcanically-triggered events are distinctive from those 
generated by sudden drainage of ice-dammed lakes (Figure 2.3). Volcanically-generated 
jökulhlaup may have more than one peak, due to temporary storage of floodwater and 
enlargement of englacial tunnels, sending a series of flood pulses onto the sandar, as during the 
Katla eruption of 1918 (Figure 2.12).  
Jónsson (1980, 1982) notes that the initial 1918 supraglacial flood wave was followed by 
a second wave with a much higher discharge, flowing both englacially and subglacially (from 
Maizels, 1992). This second wave was presumably larger due to the greater capacity of the 
englacial and subglacial conduit network, able to transport larger amounts of water more rapidly. 
Jökulhlaup produced from draining of subglacial lakes can transport c. 1 x 107 of sediment per 
event but during violent volcanic eruptions, sediment load can reach 1 x 108 (Björnsson, 2002). 
 
 
 
Figure 2.12: Reconstructed 1918 Katlahlaup hydrograph (after Tómasson, 1996; from Russell et al., 
2010) 
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2.3.1 Geomorphology and sedimentology of volcanic jökulhlaup 
 
Figure 2.13 illustrates the erosional and depositional landforms that a sandur washed by volcanic 
jökulhlaup may exhibit (Maizels, 1991). 
 
 
KEY: (1) Stacked sequences of multi-stage massive granular sediments; (2) Terraced boulder deposits; 
(3) High level, abandoned sandur surface exhibiting thin gravel horizon and braided palaeochannel 
networks; (4) Washed sandur; (5) lobate fan deposited by hyperconcentrated jökulhlaup flows; (6) Incised 
jökulhlaup channels with streamlined residual hummocks, boulders and megaripples; (7) Hummocky 
distal jökulhlaup deposit; (8) Streamlined hummocky erosional bars mantled with rimmed and till-fill 
kettles; (9) Incised jökulhlaup channel; (10) Incised active meltwater channel (11):Streamlined erosional 
bars, wash limits and scattered boulders and dune forms downstream of bedrock obstacles. 
 
Figure 2.13: Model of outwash development in an area of volcano-glacial jökulhlaup drainage, 
generating lobate fans, streamlined residual hummocks and hyperconcentrated flood sequences 
(Modified from Maizels, 1991). 
 
Massive, homogeneous units of black pumice gravels on Icelandic sandar have been deposited 
during volcanically-generated jökulhlaup events. A facies model of volcano-glacial jökulhlaup 
sandur deposition has been developed by Maizels (1992). Sólheimasandur and Mýrdalssandur 
display several distinct flood deposits with thickness varying from 12 m in proximal zones to 4 
m in distal zones Maizels (1992). Figure 2.14 shows the four-fold vertical stratification of flood 
sequences, each representing a successive stage of the same flood event (Maizels, 1992). 
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In 1989, Maizels identified a black scoria granule lithofacies (GRm, Figure 2.14). She 
interpreted this unit as the product of hyperconcentrated flow, characteristic of volcano-glacial 
drainage (Maizels, 1989a, b; from Russell et al., 2010). This unit has subsequently been 
reinterpreted by Duller (2007, 2008; from Russell et al., 2010) as large-scale antidune migration 
and development of stationary chute and pool structures associated with localised hydraulic 
jumps (Duller, 2007; Duller et al., 2008; from Russell et al., 2010). Previously the unit was 
thought to be homogenous and massive, whereas Duller (2007, 2008) has since identified well-
defined, large scale sedimentary structures within it.  
 
KEY: Gm- massive gravels; Gic- imbricated, clast-supported gravels; GRm- massive pumice granules; 
GRt- trough cross-bedded pumice granules; GRh- horizontally bedded pumice granules; Sh- horizontally 
bedded pumice sands. 
 
Figure 2.14: Maizel’s (1989a, b, 1991, 1992) vertical facies profile model for jökulhlaup sandur 
deposits where main flood surge is characterised by hyperconcentrated grain flows, to form central 
massive pumice, granule unit (GRm), overlying basal gravels, and overlain by waning-stage trough 
cross-bedded and horizontally bedded granular gravels, sands and silts (Maizels 1992). See 
Appendix 2 for key.  
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Figures 2.15 a-d are from field sections at Sólheimajökull displaying the four-stage sedimentary 
sequence of flood deposits from Maizel’s model (1992), shown in Figure 2.14. 
 
 
a)                                                                      b) 
      
c)                                                                       d) 
Figure 2.15: Sólheimasandur sections illustrating Maizels’ (1992) model for the four-stage 
sedimentary sequence of flood deposits (L. Booth, 2007/8). 
a; Imbricated gravels in a pumice matrix (Gm and Gic layer); Sólheimasandur.  
b; Massive pumice gravels (GRm layer), Sólheimasandur.  
c: Trough cross-bedded gravels (GRt layer) overlying pumice layer. 
d: The laminated units of pumice granules, sands and silts. Note the sharpness of the contact 
between the laminated layer and the overlying flood sequence and (Gm layer).  
See Appendix 2 for key. 
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Basal imbricated gravels within a fine pumice matrix (Figure 2.15a) indicate a rising flood wave 
(Gm and Gic, Maizels, 1992) (from Figure 2.14). The main flood surge (Figure 2.15b) is 
represented by thick (<5m), pumice gravels (Maizels, 1992); now re-interpreted as migrating 
antidunes created when the jökulhlaup was at maximum discharge. Finally, trough cross beds 
(Figure 2.15c) and shallow sheet flows (Figure 2.15d) mark the final stage of the jökulhlaup 
represented by horizontal laminations of pumice granules, sands and silts.  
 
Figure 2.16: The differing textures of the black pumice of the GRm layer (right) and the granular 
gravels of the GRt layer (left) (N. Booth, 2007). Camera case 8 x 4 cm. 
 
Figure 2.17 shows repetition in these flood units, found south of Highway 1 on Sólheimasandur. 
The cobble layers represent resuming of fluvial outwash, and the pumice units are the main 
(volcanic) flood deposits. Within this sequence, evidence of the Tenth Century flood will be 
sought, using Maizels’ sedimentary classifications as a guide. 
 
Figure 2.17: Repetitive flood units on Sólheimasandur, south of the road bridge (L. Booth, 2008). 
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2.3.2 Geomorphology and sedimentology of limno-glacial jökulhlaup. 
 
Maizels (1997) notes the geomorphic and sedimentary features typical of a sandur plain subject 
to periodic lake drainage (limno-glacial) floods, such as Sólheimasandur (Figure 2.18). 
 
 
 
KEY: (1) expansion bar (2) pendant bar (3) megaripples or dunes (4) slack-water deposits (5) large-scale 
dune cross-bedding with reactivation surfaces (6) large-scale bar front cross-bedding (7) imbricated 
boulder lag (8) channel fill deposits (9) small scale ripples (10) chute channels and lobes (11) kettle holes 
and kettle fills (12) ice-block obstacle marks (13) wash limit on adjacent valley side slopes. 
 
Figure 2.18: Model of valley sandur development in an area of limno-glacial jökulhlaup drainage 
downstream of a spillway channel, generating expansion, eddy and pendant bars, trains of 
megaripples, boulder lags and large scale cross-bedding (Maizels, 1997). 
 
 
The main difference between the morphology of a sandur plain washed by ice-dammed lake 
floods and those washed by volcanic floods is the presence (or absence) of pumice. Floods 
produced during subglacial eruptions of Katla carry vast amounts of black pumice gravels which 
are deposited (as previously described), in massive, homogenous layers. By contrast, a flood 
from an ice-dammed lake includes a mix of fragments of bedrock from the valley sides and floor 
(derived from rock falls) and re-distributed river sediment if the lake is fed by a stream, such as 
at Jökulsárgil. If the flood then travels across a floodplain, it entrains a mix of other lithologies. 
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2.4 1999 jökulhlaup at Sólheimajökull. 
The 1999 flood at Sólheimajökull is an example of a combined volcanic/ice-dammed lake 
drainage flood. As previously stated, it is believed to have been triggered by a small, sub-glacial 
eruption of Katla (Russell et al., 2002), which flowed through the southern drainage sector of 
Mýrdalsjökull emanating at Sólheimajökull. Flood peak discharges were amplified by the 
draining of two ice-dammed lakes which had temporarily formed, storing some of the floodwater 
for up to an hour. This flood is important as it gives information on where, and for how long 
flood water can be stored in ice-marginal locations at Sólheimajökull, during a jökulhlaup today. 
 
2.4.1 Hydrology of the 1999 flood 
Peak discharge of the 1999 flood was reached unusually quickly, i.e. within 1 hour (Figure 2.19). 
“Retro-filling” (Roberts et al., 2003) of the two relic lake basins occurred over just 15 minutes 
during the 1 hour rising stage of the flood. The lake in Jökulsárgil took 23 minutes to drain and 
augmented the peak discharge of the flood hydrograph (Roberts et al., 2003).  
 
 
Figure 2.19: Flood hydrograph of the 1999 jökulhlaup at Sólheimajökull (Roberts et al., 2003). 
 
Although a relatively small flood by Katla standards, this was still of sufficient magnitude to fill 
relic ice-marginal basins and present a secondary flood hazard of ice-dammed lake drainage. 
This reflects the cumulative hazard potential of ice-dammed lake storage of flood waters, 
showing the ability of ice-marginal temporary storage locations to extend and alter flood 
hydrographs, sometimes capable of producing a later, secondary flood peak when they drain. 
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2.4.2 Geomorphic impacts of the 1999 flood 
Although research has been conducted on the geomorphic impact of storage-release events, such 
as at Skeiðarásandur in 1996 (Russell & Knudsen 1999a, b; Russell et al., 1999), few studies 
have investigated the immediate impact of volcanically-generated jökulhlaup released directly 
into the proglacial zone (Russell et al., 2002). Sólheimajökull therefore provided a good 
opportunity to gain knowledge in July 1999.  
The geomorphological effects of the 1999 flood have been studied in detail (Roberts et 
al., 2002b, 2003). Although temporary, it was a valuable (and the most recent) opportunity to 
study the glacier’s ability (and that of the surrounding topography) to store and channel a flood. 
Previously abandoned spillways were reactivated to the west of Sólheimajökull, and water was 
rapidly redistributed through pre-existing flood channels and basins (termed “retro-filling” by 
Roberts et al., 2003).  
 
a) Geomorphic impacts at the upper lake basin in 1999 
Roberts et al., (2003) identified circular diamict ridges in the upper lake basin, similar to 
Maizels’ (1992) models of sedimentary boulder ring structures, produced during melting of 
stranded ice blocks. Delta foreset beds (sometimes with palagonite boulders interspersed), 
capped by imbricated boulder clusters, were draped over the ice and lake basin and covered by 
layers of silty sand containing ripples.  
Figure 2.20 shows some of the spillway channels that helped drain the upper ice-dammed 
lake adjacent to Sólheimajökull. These spillways have been mapped further as part of this 
research, related to Tenth Century conditions and ice extents where possible. The channels have 
been followed westwards towards Jökulsárgil as previous meltwater conduits in what would have 
been an increasingly glaciated landscape in the Tenth Century.  
Although many of the immediate sedimentary impacts of the 1999 flood have now been 
re-worked, and mostly erased, the event provides this research project with key features of 
jökulhlaup geomorphology. Many of the micro-features identified by Russell (2002) in the upper 
lake basin, are found magnified on Sólheimasandur, e.g. the delta sets of the upper lake basin are 
found at a scale of tens of metres on Sólheimasandur, and the rippled surface of the upper lake 
basin is similar to the mega-rippled flood surface containing the whaleback moraines on 
Sólheimasandur. Maizels’ (1992) boulder ring structures are also found at varying scales 
throughout the field site. 
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Figure 2.20: Geomorphological map of the upper lake basin at Sólheimajökull immediately after 
the 1999 jökulhlaup (Roberts et al., 2003). 
 
 
b) Geomorphic impacts at the snout in 1999 
Figure 2.21 shows the proglacial geomorphic impacts of the 1999 flood. A 1200 m2 boulder bar 
was deposited on pre-flood vegetated surfaces in front of the western snout outlet with a 
proximal thickness of 6 m reducing to <1 m within just 500 m of the outlet (Russell et al., 2010). 
With the melting of large abandoned ice blocks, numerous kettle holes were noted (Russell et al., 
2000, 2002, 2010). It was also noted that deposits were almost structureless, inversely-graded 
and matrix-rich; suggesting extremely rapid deposition from a non-cohesive, sediment-rich flow 
(Russell et al., 2000, 2002, 2010). 
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Figure 2.21a) Map of Sólheimajökull, showing outlets and routeways of the July 1999 jökulhlaup.  
b) Pre- and post-jökulhlaup maps of the ice-proximal area of Sólheimasandur, indicating 
geomorphological change. The nature and location of July 1999 jökulhlaup deposits are indicated 
(after Russell et al., 2002; from Russell, 2010). 
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2.5 Glacial oscillations at Sólheimajökull. 
 
To better understand the nature of an ice dam that existed in the past at Sólheimajökull, a record 
of glacial fluctuations is of key importance. It allows an estimation of the amounts of water 
likely to have been held in Jökulsárgil’s ice-marginal lake (Section 2.2.1).  
Sólheimajökull’s exceptionally well-preserved moraine sequences to the south, east and 
west of the glacier (shown in Figure 2.22a) have allowed detailed reconstruction of Holocene 
glacial fluctuations, e.g. Dugmore (1987, 1989), Kirkbride & Dugmore (2001), Mackintosh et 
al., (2002). These sites (marked in green) were important in identifying Tenth Century ice limits 
of Sólheimajökull, with the western site in particular forming the focus of this field work in 
locating evidence for Tenth Century flood outlets and routeways. 
 
a  b  
Figure 2.22 a: Photo O. Sigurðsson. Green areas mark well-preserved Holocene moraine sequences. 
Figure 2.22 b: The extent of Holocene advances of Sólheimajökull as reconstructed from lateral 
moraines. Ages are based on tephrochronology and 14C datings of sedimentary sections in the area. 
Elevation given in m.a.s.l. (Modified after Dugmore & Sugden, 1991, from Ingólfsson et al., 2010). 
 
Records of glacial fluctuations at Sólheimajökull have been taken by the Icelandic Glaciological 
Society since 1932 (Mackintosh et al., 2002). Frontal variation measurements are carried out 
every autumn (Figure 2.23) with the glacier typically reacting to annual mean summer 
temperatures (Sigurðsson, 2010).  
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Figure 2.23: Cumulative front variations of Sólheimajökull outlet glacier 1930-2006. From the 
database of the Glaciological Society (Sigurðsson, 2010). 
 
Dugmore (1987) and Grove (1988) note historical records exist from as early as 1705 at 
the glacier (Mackintosh et al., 2002). Sigurðsson (2010) notes the importance of historical 
records in providing valuable insights into glacial change. For example, the county boundary 
(determined in ~965 AD), which extends through the field site separating Austur 
Eyjafjallahreppur from Mýrdalshreppur (Appendix 1a), indicates a much more advanced 
Sólheimajökull than today (Sigurðsson, 2010). The boundary was originally set as the main river, 
Jökulsá á Sólheimassandi, which also split the two farms Skógar and Sólheimar (Figure 1.29) 
according to the Book of Settlement, Landnámabók (Sigurðsson, 2010).  
At the time of Settlement, the Jökulsá had previously been forced to flow along 
Jökulsárgil  by an advanced Sólheimajökull, however Magnusson (1955) observed a shift in the 
river’s course around the year 1690 to its present position (Sigurðsson, 2005, 2010). The reason 
for this permanent change in course is attributed to significant glacial retreat. The county 
boundary to this day, however, still lies in Jökulsárgil  gorge. The significance of this boundary 
will be explored further in Chapter 4. Figure 2.24 displays several other documented historical 
sources which have helped reconstruct Sólheimajökull’s past glacial extents. 
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 Figure 2.24: Documented length variations of Sólheimajökull from 1705 AD to 1998. Data from 
Dugmore (1987) as derived from various historical sources as indicated in the figure (Mackintosh et 
al., 2002). 
 
Glacier fluctuations at Sólheimajökull have been somewhat individual in the past and not always 
analogous to fluctuations at neighbouring outlet glaciers, e.g. on Eyjafjallajökull’s 
Steinholtsjökull or Gígjökull. In fact, Sólheimajökull was thought to be in “anti-phase” with 
most other glaciers in Iceland during times in the Little Ice Age (Caseldine et. al 2005). 
Dugmore & Sugden (1991) referred to the theory of ice divide migration in explaining this 
anomalous behaviour; whereby “the catchment shrinks as the ice cap from which it flows grows, 
and as a result glacier extent is inhibited as climate deteriorates and exaggerated as climate 
ameliorates.” Therefore the portion of ice cap drained by Sólheimajökull would increase as the 
ice cap volume is reduced. However, more recently the anomalous behaviour of Sólheimajökull 
has been attributed to sensitivity to wider climatic changes (Mackintosh et al., 2002).  
Another more likely cause of individual fluctuations seen at Sólheimajökull, and directly 
relevant to this research, is the impact of volcanic eruptions and jökulhlaup. Large Katla 
eruptions, such as in 1755 and 1860 are thought to have prompted retreat at Sólheimajökull, the 
major loss of ice mass melting in an eruption causing the glacier to thin significantly. It is 
estimated that the melting of the glacier induced by volcanic activity may have amounted to as 
much as 10 % of the volume of the ice cap per Century (Caseldine et al., 2005). It takes between 
3 and 5 decades for the ice cap to recover from volcanically-induced mass loss, and on several 
occasions, the glacier had not yet recovered from earlier ice loss from an eruption when another 
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would occur, augmenting the effect of retreat (Caseldine et al., 2005). An example of this would 
be the two major Katla eruptions in 1721 and 1755.  
A sketch map of Sólheimajökull drawn in 1705 by Einarsson (Magnusson, 1955) shows 
the glacier terminus at the canyon, Fjallgil, crossing the course of the Jökulsá (Figure 2.25). By 
1783, the glacier had retreated 2 km up-valley, not quite reaching across Jökulsárgil (Sigurðsson, 
2010). This significant retreat is attributed to the loss of ice mass in the 1721 and 1755 Katla 
eruptions. Sigurðsson (2010) estimates that each of these eruptions may have melted in excess of 
5 % of the total mass of the ice cap. 
 
Figure 2.25: A sketch map of the southern margin of Mýrdalsjökull drawn in 1705 by Einarsson 
(Magnusson, 1955). From Sigurðsson (2010). 
 
The Little Ice Age maximum at Sólheimajökull was around 1820/ 1860 (Figure 2.26) with 
claims that in 1860, ice covered the hill Jökulhaus in front of the glacier (Thoroddsen, 1911).  
 
Figure 2.26: Sólheimajökull during the late Little Ice Age (Dugmore, 1987). Note drainage of the 
ice-dammed lake in Jökulsárgil is shown to flow westwards. 
Jökulhaus 
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2.5.1 Tenth Century glacier margin 
As stated within the objectives (Section 1.7.1) identifying the Tenth Century glacial limits of 
Sólheimajökull is key to understanding the emergent locations of a Tenth Century flood. This 
research aims therefore to extend known Tenth Century limits at the site, based mainly on the 
work carried out by Dugmore (1987). Using tephrochronology and lichenometry techniques at 
Sólheimajökull, Dugmore (1987, 1989) reconstructed Holocene glacial fluctuations at the site 
and offers the most reliable Tenth Century limits of Sólheimajökull (Figure 2.27)  
 
Figure 2.27: Detailed summary of Holocene fluctuations of Sólheimajökull. Tenth Century limit is 
highlighted. Modified from Dugmore (1987). 
 
Dugmore’s (1987) record of glacial advance and retreat provides the foundation for extending 
these limits up onto the glacial plateau as part of this research. This dating framework will 
determine when ice would have been thicker or thinner in Sólheimajökull’s valley, and therefore 
whether an ice-dammed lake could have potentially existed in Jökulsárgil at the time of a Tenth 
Century flood. By using the same tephrochronological techniques (which are explained fully in 
Chapter 3), it is possible to identify exactly where Sólheimajökull’s Tenth Century limit lay at 
higher elevations, pinpointing where floodwater would have emanated from the glacier or ice 
cap.  This, in turn, allows assumptions to be made about which direction flood waters flowed 
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(i.e. where ice would have blocked their path, and where ice-free valleys would have offered a 
less resistant route).  
2.6 Previous dating of the Sólheimasandur and Skógarsandur flood surfaces. 
This section considers the various techniques which have been used to date Sólheimasandur and 
Skógarsandur flood surfaces. It goes on to critique these techniques and their results, assessing 
the validity of published dates (both relative and absolute) for sandur deposits at Sólheimajökull. 
Fieldwork at Sólheimajökull as part of this research will aim to refine the Holocene flood history 
for the region by contributing additional key pieces of field evidence to the existing chronology.  
 Maizels (1989a, b, 1991) provides a chronology of sandur surface ages based on 
detailed morphological and sedimentary profiling. Dugmore (1987, 1989) uses tephrochronology 
to provide a timeframe for volcanic eruptions and Holocene glacial fluctuations (Figure 2.28). 
Sedimentological and tephrochronological data have formed the two major dating frameworks 
applied so far in producing a flood chronology for Sólheimasandur (Figure 2.28). 
 
 
Figure 2.28: Reconstructed glacier fluctuations and jokulhlaup events, Sólheimajokull from 5 ka 
BP to present (after Maizels & Dugmore, 1985; Dugmore 1989; Maizels 1989a). From Maizels 
(1994). 
 
Figure 2.28 links jökulhlaup events at the site with Sólheimajökull’s glacial stages. The numbers 
given to these floods can be compared with Figures 2.29 and Table 2.1 listing the main incision 
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and deposition events in the region. This chronology remains the most recent available for 
Sólheimasandur and Skógarsandur in published literature. Maizels’ (1994) SANDSIM model 
attempts to reconstruct geomorphic history of Icelandic sandar, in response to four key controls: 
relative sea level change, glacial fluctuations, magnitude, frequency and duration of run-off 
events and the sediment concentrations of each run-off event. Figure 2.29 shows aggradation and 
incision of Sólheimasandur over the past 4.5 ka, since the Drangagil glacial stage of 
Sólheimajökull. The main episodes of which seem to correlate with the largest jökulhlaup (1x105 
ms-1), occurring on average every thousand years (Maizels, 1994, Larsen, 2010); in particular, 
the thick flood sediment units which accumulated during episodes 1, 3, 5, 7-10 and 11 (listed in 
Table 2.1).  
These flood units are separated by normal sandur gravel deposits (characterised by 
heterogeneous, clast-supported, cobble gravels) accumulating in the intervening time periods 
between floods (Maizels, 1994). This is similar to layers of aeolian sediment separating tephra 
layers in soil profiles, accumulating between volcanic eruptions.  In the sedimentary profile, 
however, cobble layers act as the bounding surfaces to jökulhlaup deposits, marking where 
normal outwash has resumed in between flood cycles. 
 
 
Figure 2.29: Patterns of mid-Holocene to recent aggradation and degradation, Sólheimasandur. 
Circled numbers correlate to episodes and events listed in Table 2.1 (Maizels, 1994). 
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The eleven key stratigraphic units identified so far at Sólheimajökull are listed in Table 2.1. 
Table 2.1: Major stratigraphic units and approximate chronology of Sólheimasandur deposits pre- 
Little Ice Age. Chronology based on Dugmore (1989), Jónsson (1982), Maizels & Dugmore (1985) 
and Maizels (1989a, b, 1991). From Maizels (1994). 
 
 
 
The units in Table 2.1 are shown in map form in Figure 2.30 which gives an overview of the field 
site with estimate ages for Sólheimasandur and Skógarsandur surfaces (modified from Maizels 
1989a). The Skógar Fan is shown in more detail in Figure 2.31, exhibiting classic features of a 
washed sandur plain. The relatively sharp contact between Skógarsandur and Sólheimasandur can 
also be seen. Each successive flood event incises and truncates previous flood sequences, such as 
the Hofsá meander channel, leaving a distinct break of slope or scarp.  
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Figure 2.30: Estimate ages of sandur surfaces at Sólheimajökull. From Maizels (1989a).  
(Some key notation has been modified). 
 
The Skógar Fan is essentially black in colour, distinctive from surrounding sandur surfaces due 
to its near complete composition of ash and lapilli (Larsen, 2010). It is a good example of how 
dating a sandur can be relative: the oldest visible layer is the unmodified Skógarsandur itself 
which lies to the west of the more recently-washed Skógarsandur. Just by observing simple 
morphological changes in its surface, it is possible to date which parts of Skógarsandur are 
younger or older than adjacent areas.  
The Skógar Fan rests on top of (therefore post-dates) Skógarsandur, and its surface, in 
turn, is dissected by subsequent floods creating elongated troughs and ridges within what would 
once have been a gently sloping fan surface. Finally, the north western edge of the Skógar Fan, 
truncated by the Hofsá meander, is evidence of a later flood having cut into (or incised) the older 
surface, leaving a steep scarp. These scarps form key pieces of field evidence in dating the 
sandur surfaces as they reveal cross-sections through the various layers, enabling relative dates to 
be ascertained. Perhaps equally as important as obtaining absolute dates for the sandur surfaces, 
is knowing the order in which units were deposited. This can be achieved through the principle 
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of uniformity: that stratigraphic order will preserve the layers of a sandur in order of deposition, 
with the youngest surfaces at the top of a sequence and the oldest at the base. 
 
 
Figure 2.31: Morphology of the Skógar pumice fan. Three major flood channels dissect its surface 
(from west to east) Other Valley, Hummock Valley and Dune Valley. Down-valley lies the washed 
Skógarsandur, characterised by a series of low, transverse boulder ridges, relic bars and channels, 
shallow depressions and boulder lags, representing the area of sandur washed over by floodwater 
draining from the Skógar pumice fan flood channels. The Hofsá meander channel (emerging from 
Þurragil and Jökulsárgil  canyons) cut into the edge of the massif lies to the north, truncating the 
northern edge of the Skógar pumice fan (From Maizels, 1989a). 
 
2.6.1 Dating sources and their validity 
While both sedimentology and tephrochronology remain valid dating techniques for sandur 
surfaces (not just at Sólheimasandur), there are occasionally discrepancies between their 
findings. Some refinements to Sólheimasandur’s flood chronology are required as dating 
techniques have evolved, and new evidence found. Also recognition and interpretation of certain 
sedimentary features has also changed, e.g. the megaripples on Skógarsandur, (which Maizels 
initially attributed to deposition from a waning jökulhlaup) have since been reinterpreted as 
aeolian in origin (Mountney & Russell, 2004, 2006; Russell et al., 2010). Emerging new 
techniques, such as large-scale architectural analysis, add a new dimension to studying 
jökulhlaup deposits (Duller, 2007), revealing sedimentary structures which were not known 
about previously; forcing adaptation of long-accepted models such as Maizels’ four-fold 
stratigraphy (1992) in Figure 2.14. 
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Tephrochronology (Figure 2.32) provides the most complete dating framework for the sandur 
surfaces which is able to link flood deposits, volcanic eruptions and geomorphic features such as 
glacial moraines, placing them into stratigraphic context. Some profiles provide relative dates 
based on identified tephra layers acting as bounding surfaces, providing the stratigraphic order 
has been maintained and the profile has not become distorted or disturbed.  
 
Figure 2.32: Soil profiles dug around Sólheimajökull (Dugmore, 1987). NB: Layer Y is now known 
as SILK YN, Layer UN is now known as SILK UN, Vö 900 is now known as V871±2. 
 
Some profiles reveal material which can be radiocarbon dated giving an accurate date. 
Dugmore (1987, 1989) obtained radiocarbon dates on certain pre-historic tephra layers around 
Sólheimajökull. Some of the key dates for the purposes of this research are highlighted in Table 
2.2. These dates provide constraining minimum and maximum dates for layers of tephra, and of 
course associated flood deposits. It is therefore with a good degree of certainty that a chronology 
for Sólheimasandur around these “anchor point” dates can be established. Where 
tephrostratigraphies contain uncertain relative dates between these “marker” layers; 
identification of the physical properties of the tephra layer is essential in identifying the source 
volcano and date of eruption (including texture, colour, grain size). 
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Table 2.2: Radiocarbon dates on pre-historic tephra layers, Sólheimasandur (Dugmore, 
1987).  
 
 
 
As an example, in soil profile 102 (Figure 2.32), the Eystriheiði flood deposit is bounded 
by the 900 Veiðivötn tephra above (now known as V871±2) and the Layer La tephra below. 
Given the radiocarbon date from Table 2.2 of Layer La (taken to be 1500-1880 yrs BP) i.e. c. 
1700 yrs BP (or 410 AD), determines a minimum and a maximum age for the flood deposit. 
(Soil profiles 139 a and b were taken from west of Þurragil canyon, near the gully of Eystri-
Skógar. The former shows the lithic jökulhlaup of Eystriheiði lying on the Skógarsandur surface 
(circled). Soil profile locations are shown in Appendix 8. 
 
Table 2.3 compiles the published dates for Sólheimasandur and Skógarsandur and critiques the 
validity of the techniques discussed. Some of the dates given in Table 2.3 are explored in more 
detail in the following text. Some of the entries from Table 2.3 have been used to populate a 
wider chronology for Sólheimasandur and Skógarsandur (Appendix 3). Along with findings from 
this research, Appendix 3 helps put Table 2.3 into chronological context. 
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Table 2.3 Dating sources for Sólheimasandur and Skógarsandur and their accuracy. 
Deposit/ Surface Date/ Age Dating Evidence Reference(s) Conclusive date?  
LIA Moraines 19th C Lichenometry, and 
Tephrochronology 
Dugmore, 
1989, Maizels, 
1989a 
Conclusive 
Hólar / 
EystriHólar  
(13thC- 1704 
AD) 
 
 
 
 
14th C 
(Tephrochronological 
from lateral moraines on 
western margin of 
Eystriheiði. Historical 
evidence) 
 
Moraine and outwash 
flooded 
(Maizels & 
Dugmore, 
1985) 
 
 
 
Maizels, 
1989a 
Conclusive 
 
 
 
 
 
Conclusive 
Hofsá meander 10th C Morphological and 
Tephrochronological. 
Post-dates Skógarsandur 
deposits and assoc. flood 
channels 
Loðmund the 
Old, pp. 115-
116, 
Landnámabók; 
Maizels & 
Dugmore, 
1985 
Conclusive 
Skógar Pumice 
Fan 
~1500 yrs BP Morphological. Overlies 
Skógarsandur 
Maizels, 
1989a 
Conclusive 
Skógarsandur 
Flood Channels 
(iv, v, vi Fig 2.33) 
7th- 10th C Morphological relation to 
14C date found on 
Skógarsandur 
Maizels & 
Dugmore, 
1985 
Conclusive 
Skógarsandur Shortly after 600 
AD (7th- 10th C 
14C date for a soil buried 
directly beneath 
Skógarsandur deposits. 
Exposed at its northern 
margin. Soil horizon 
overlies the Y tephra 
layer. 14C dates soil at 600 
AD. 
Larsen, 1978, 
Einarsson et 
al., 1980, 
Maizels & 
Dugmore, 
1985 
Conclusive 
Main Pumice 
Terrace and Húsa 
Fan 
~2100 BP 14C dating of isolated 
piece of wood. Húsá 
Cavity 
Maizels, 
1989a 
Inconclusive 
Palagonite 
Terrace (zone X, 
Fig 2.33) 
2300 BP Morphological 
Heavily weathered 
cobbles. Exhumed older 
surface 
Maizels, 
1989a, 
Maizels & 
Dugmore, 
1985 
Inconclusive 
Sólheimasandur 
(after ice 
readvance in 
Drangagil) 
8th-14th Century Tephrochronological 
3 relict soil patches 
directly overlying 
Sólheimasandur surface. 
Deepest (2m) has basal 
tephra of K1416? 15th C. 
K1357 missing 
Maizels & 
Dugmore, 
1985 
Conclusive 
Sólheimasandur 
Top Terrace 
4,500 BP (Fig 
1.24) 
 Maizels, 
1989a, 1994 
Inconclusive 
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The Skógar Fan has been dated at ~1,500 years BP (Maizels, 1989a) and was emplaced during a 
Katla eruption during the Yztagil stage of Sólheimajökull (Dugmore, 1987, 1989; Larsen, 2010). 
The dating of the feature was constrained using tephrochronology from the bounding tephra 
Layer Y (originally dated at ~1700 years BP), then later re-named to SILK YN (its date refined 
to 80-430 AD using radiocarbon dating, Dugmore, 2005). The Eystriheiði flood (later 6th 
Century) was a lithic-rich flood, depositing a layer of fragmented clasts over the top of 
Skógarsandur, Skógar Fan and Sólheimasandur (Appendix 3). It incised the Skógar Fan, 
scouring the three broad, channels: Other Valley, Hummock Valley and Dune Valley (Figure 
2.31).  
The large Hofsá meander channel is dated at 1200 yrs BP by Maizels (1994). The channel 
emerges from Þurragil (translated as dry gully), truncating (and therefore postdating) the Skógar 
Fan. All subsequent jökulhlaup have since been channelled to the east of Skógarsandur. It is 
possible that this meander was carved during the same event which deposited the Palagonite 
Terrace, which will be explored in further detail.  
Table 2.1 describes the Tenth Century “event” (number 10) as a period of incision. It  
makes no reference to the depositional nature of the flood.  Instead, the Palagonite Terrace, as a 
major depositional unit is referred to in no. 5 (Table 2.1) and dated at 2100-2300 years BP. 
Maizels & Dugmore (1985) initially interpreted the Palagonite Terrace as a much older, 
exhumed surface which extended beneath Skógarsandur. 
The Húsá Fan, as it is termed in Maizels (1989a) is dated at 2060 BP; a date which is not 
necessarily wholly accurate as it was based on radiocarbon dating of an isolated piece of wood, 
found buried in sediment. There is insufficient knowledge as to the original location of the wood, 
so the date it provides is not necessarily indicative of the age of surrounding sediment. 
The moraines of Sólheimajökull give an accurate dating framework, due mainly to their 
relatively well-preserved, cemented, hardened nature, compared to some other moraine 
sequences at other outlet glaciers of Mýrdalsjökull which may be less well defined. A Holocene 
sequence has now been dated using tephrochronology (Dugmore, 1987). This moraine record, in 
particular that of the Little Ice Age, has been supported by lichenometric dating methods as well 
as tephrochronology (Jaksch 1970, 1975; Maizels & Dugmore, 1985). Jaksch (1970, 1975) found 
a correlation between maximum lichen size on the terminal moraines of three known positions of 
Sólheimajökull since 1890 (Maizels & Dugmore, 1985). Lichenometric dating was further 
developed by Maizels and Dugmore (1985) measuring maximum thallus diametres of the lichen 
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Rhizocarpon geographicum) to date four main morphological zones on Sólheimasandur, using 
tephrochronology to corroborate the ages (Figure 2.33).   
 
 
Figure 2.33: Morphological zones of proglacial sandur  surfaces at Sólheimasandur (Maizels & 
Dugmore, 1985). 
 
Lichenometric results date Area A: (the Skógarsandur deposits) from between the 7th and 10th 
Centuries, with Area B on Sólheimasandur appearing to have been formed during a period of ice 
readvance between the 8th and 14th Centuries. This, however, excludes Zone X, (the zone in 
which the Palagonite Terrace is found) which Maizels and Dugmore (1985) identify as a much 
older, exhumed surface, appearing to extend westwards beneath Skógarsandur and southwards as 
far as the coast.  
Three relict soil patches have been found in Area B (Table 2.3), one showing ten tephra 
layers; the oldest layer dating from an early 15th Century eruption of Katla. The 1357 Katla 
tephra is absent suggesting the higher IX surface might have been formed between these two 
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dates (Maizels & Dugmore, 1985). However, Dugmore (1985) acknowledges the possibility that 
this surface could have been deposited much earlier, possibly between 600 AD and 750 AD.  
Surface X is interpreted by Maizels and Dugmore (1985) as pre-dating 600 AD (forming 
in advance of Skógarsandur) and they attribute the heavily-weathered appearance of the cobble 
deposits of the Palagonite Terrace as dating back to early Neoglacial times. They suggest 
exhumation in the Fourteenth Century (presumably by a flood) allowed Zone X to acquire a soil 
and vegetation cover which has progressively been removed over the past century, exposing the 
older surface (Maizels & Dugmore, 1985).  
Lichenometry is acknowledged as a useful dating tool for the main terrace surfaces of the 
Jökulsá valley post 1840 but it is unsuitable for dating older, higher, sandur deposits due to 
weathering causing high rates of rock fragmentation, soil stripping and frost heave (Maizels & 
Dugmore, 1985). For these surfaces, only tephrochronological evidence, 14C dating and historical 
records provide a feasible dating method (Maizels & Dugmore, 1985).  With regards to this 
research, these lichenometric findings will be referred to as corroborating ages ascertained from 
other studies, but as an individual technique, it will not be relied upon solely in dating 
Sólheimasandur flood surfaces, neither will it be a technique used as part of this methodology. 
However, whilst new techniques prompt reconsideration of long-accepted models of sandur 
evolution, it is important to acknowledge the corroborative role of techniques such as 
lichenometry in constructing a dating framework for Sólheimasandur.  
 
2.7 Summary 
This review highlights the multi-faceted approach required in reconstructing the Tenth Century 
flood. A variety of dating techniques have been discussed and those employed directly in this 
research will be explored further in Chapter 3. As shown, differing dating techniques have 
exposed some discrepancies in providing accurate ages of certain features on Sólheimasandur, 
such as the Palagonite Terrace. In summary, the chronology for Sólheimasandur requires some 
clarification and refinement (Table 2.3), which this research aims to accomplish by presenting 
additional field evidence.   
Finally, this review provides a framework for identifying jökulhlaup deposits in the field 
accurately and allows an interpretation to be made as to the method of emplacement. By 
observing assemblages from previous events, including that of 1999, it is possible to confidently 
identify palaeo-jökulhlaup deposits, in particular those of the Tenth Century flood. 
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Chapter 3: Methodology  
Field and laboratory work was focused on several specific tasks which collectively address the 
aims and objectives listed in Sections 1.1 and 1.7.1: 
 
 Produce a geomorphic map of the field site including physical features indicative of flood 
activity (erosional and depositional), sediment movement and storage. 
 Assess the dimensions and characteristics of the large Palagonite Terrace on Sólheimasandur 
aiming to identify its source of palagonite and accurate age. 
  Identify/discount potential routeways for a Tenth Century flood. 
 Distinguish between an ice-dammed lake emptying event or volcanic jökulhlaup as a realistic 
flood mechanism for depositing the Palagonite Terrace. 
 Predict potential future jökulhlaup pathways draining from the Sólheimajökull sector taking 
into account current ice thicknesses and ongoing volcanic/seismic unrest.  
 
The range of methods used in this research aims to gradually build a detailed picture of sandur 
evolution at Sólheimajökull by initially cataloguing readily identifiable geomorphic flood 
features at the site with the use of maps and images, then using local sedimentary or 
tephrochronological stratigraphies (or both) to attempt to date not only their origin but also their 
ages relative to other features.  
Therefore the methods used have to comply with large variations in scale. Field work 
ranged from mapping areas of several square kilometres to drawing detailed tephrostratigraphies 
at the cm-scale. In a similar process to extrapolating the small-scale features of the 1999 flood to 
the large-scale of the Tenth Century flood, micro-observations were carried out as an aid to 
interpreting the genesis of macro-scale features. 
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3.1 Geomorphic mapping 
Field data were collected by constructing geomorphic maps based on aerial photographs, acting 
as a spatial framework for displaying sediment profiles and tephrostratigraphies. The analytical 
techniques of tephrochronology and grain size analysis were used to support field results. 
 
3.1.1 Selection of field sites for detailed geomorphic mapping  
Field work was concentrated in three key areas (Figure 3.1) in relation to a likely source, 
routeway and deposition site of a Tenth Century flood:  
• Area 1: Western upland plateau to the west of Sólheimajökull;  
• Area 2: N-S trending western canyons Jökulsárgil  and Þurragil; 
• Area 3: Sólheimasandur (including the flood terraces either side of the Jökulsá River and the 
Palagonite Terrace.  
 
Geomorphic mapping of the western upland plateau has not been undertaken previously. It is an 
area which has been extensively carved by meltwater from Sólheimajökull throughout the 
Holocene, carrying both seasonal meltwater as well as jökulhlaup (most recently in 1999). 
Conduits/ channels flowing east-west across this upland area potentially connected the glacier 
with Jökulsárgil to the west, diverting floodwater into Jökulsárgil when ice margins were higher. 
The network of channels that evolved in response to changing ice thickness and periodic 
inundation by powerful floods was thus mapped along with the extensive moraine sequence in 
this region, which helps to constrain the dates of lateral extents of Sólheimajökull. 
Two adjacent canyons were investigated as meltwater conduits: Jökulsárgil and Þurragil 
(west of Sólheimajökull), (Figure 3.1).The canyons are predominantly made up of palagonite 
tuffs and breccias. They are steeply incised with varying amounts of available sediment on their 
valley floors. Evidence of water passage was sought in each canyon, geomorphic sketches made 
and soil profiles recorded. At the time of the Tenth Century flood, Sólheimajökull’s western 
margin would have rested against Jökulsárgil, making it the likely (ice-free) conduit for 
meltwater. As an ice-proximal palagonite canyon, it was therefore investigated as a potential 
source of sediment, for the large Palagonite Terrace. Study of Þurragil, further to the west was 
also necessary to either rule it out as a Tenth Century meltwater conduit or to ascertain if it could 
also have transported floodwater at the time. 
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Figure 3.1: The three field sites: Area 1: Western Upland Plateau, Area 2, Jökulsárgil (green) and 
Þurragil (blue) canyons, Area 3, Palagonite Terrace and Sólheimasandur (USAF 1990 aerial 
photograph). Arrow points north. Red arrows denote washed Tenth Century moraine by later 
floods. 
 
1 km  
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3.1.2 Mapping procedure 
Prior to fieldwork, aerial photographs (Landmælingar Islands UAGI Series) taken in 1946, 1978, 
1980, 1984, and 1990 and 1996 were compared in relation to the positions of Sólheimajökull’s 
ice margin and evolution of geomorphic features. These aerial photographs were used as 
templates for producing preliminary field maps of major (large-scale) geomorphic features at the 
site, such as alluvial fans, steep canyons with eroded bedrock ridges or sandur scarps marking 
the edge of flood units (Appendix 1c). Features such as whalebacks or streamlined ridges are 
best seen from aerial photographs for interpreting for example the direction floodwater took in 
creating the feature, something which may not be as obvious at ground level.  The 1984 aerial 
photograph of the upland plateau west of Sólheimajökull was chosen as the western upland 
plateau field map base (Area 1 in Figure 3.1) as it revealed the best photographic exposure of the 
site (with little cloud cover and a near-overhead sun position minimising topographic shadows 
on the image). 
Stereopairs gave an appreciation of topography and an inventory of geomorphic features 
indicative of water passage (active and relict) was established. Table 3.1 lists these features and 
explains their origin and significance to this study.  Table 3.1 was used during field mapping to 
initially interpret geomorphic features and to help identify those of jökulhlaup origin. A field 
mapping key developed during field work, used in field notes and sketches, is presented with the 
field map in Chapter 4.  
A 1988 Landmælingar Islands map (1:50,000) was overlain onto the 1984 Landmælingar 
Islands aerial photograph, at the same scale, to give an appreciation of relief and to locate 
geomorphic features more precisely in the field. This allowed better selection of specific field 
localities, focussing detailed mapping in the most likely areas of finding Tenth Century flood 
evidence, in particular towards areas of preserved sediment, or “rofabarðs” containing historic 
tephra layers (Dugmore, 2009).  
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Table 3.1 Geomorphic landforms indicative of water passage and their significance. 
 
 
Figure 3.2 shows the boundaries of the western upland plateau field map (Area 1, Figure 3.1) 
with the Jökulsárgil gorge forming the edge of the site followed by the prominent ridge of 
Skógafjall to the west. Rauðagil, Skjólkambur, Hvítmaga and Jökulhaus were all included in the 
field map (see Figure 3.2 for place names). The western upland plateau area was mapped in 
detail over two field visits in summer 2007 and 2008.  
Geomorphic Landform Significance 
Boulder ring Structures/ Kettle holes Melt-out of stranded ice blocks left after a flood, forming a cavity in sediment 
Deltaic sequences Produced in water which stands or collects long enough for delta deposits to form 
Plunge pools Scouring beneath a waterfall, as a result of prolonged, powerful flow 
Trough cross bedding May provide flood directions of high energy sheet flows 
Erratic/ boulder deposits Large rocks moved in floods or dumped by the glacier far from their source area 
Gravel/ boulder bars/ sheets May be single-lithology (Palagonite fan). Pulsed flows may deposit multiple bars 
Washed bedrock Lack of vegetation, washed/smoothed by water (or ice) 
Water level Marks Notches carved into bedrock revealing past lake levels 
Dry valleys Abandoned channels left redundant to meltwater dispersal due to ice fluctuations 
(Abandoned) hanging valleys As ice thickness decreased, lateral channels left hanging above the thinner ice 
Hummocky terrain Differential, chaotic deposition of debris flow deposits including large boulders 
Ice-dammed lake basin Whether relic/active, dimensions give idea as to how much water they held 
Pitted outwash surface Area of ice stagnation creating kettle holes 
Channel bed scour Due to increased sediment load during a flood, or faster, more erosive flow 
Terraces Repeated incision (flood) events 
Megaripples/ Whalebacks/ Large scale Dunes Show flood direction, and ripple size directly proportional to flood magnitude 
Lobate Fan Streamlined and "feathered" at edges by waning flows 
Incised active meltwater channel “Normal” river incision has been exceeded by one or several flood events 
Scour marks/ Keel Marks From ice block drag  
Tributary spillways Possible slackwater sediment traps 
Chutes Longitudinal incision of a bar surface, by floodwater 
Differential vegetation growth Evaluate relative age and stability of proglacial surface 
Raised boulder deltas May form in flood routeway lakes 
Boulder Lags Deposited as a fast-flowing flood loses cohesion 
Spillway Expansion Bars Deposited in areas of flow deceleration, such as a junction of steep to flat surface 
Pendant Bars Formed downstream of bedrock obstacles 
Imbricated, armoured boulder cap  Formed during recession flow, aligning cobbles/ gravels in flow direction 
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Figure 3.2 Landmælingar Islands Map (1:50,000), Area 1 western upland plateau topography. Red 
box denotes limits of field map. (Grid lines spaced at 1 km). North to top. 
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 3.1.3 Integration of geomorphic map with stratigraphic investigation. 
 
In mapping the features of Areas 1 and 2 (Figure 3.1), special attention was given to seeking 
pockets of preserved sediment which might record the interactions between tephra accumulation 
and meltwater passage. Field observations were focussed in several areas where preserved 
sediment was likely to be found, such as in topographic depressions like valley sides and gullies; 
or in the lee of obstacles, such as promontories.  The locations of logged profiles within Area 1 
are shown in Figure 3.3.  
 
 
Figure 3.3: Location of soil profiles in Area 1 at Hvítmaga. Sólheimajökull to the East. Jökulsárgil 
to the West. Jökulsá in dark blue. Ice dammed lake arrowed (USAF 1984 aerial photograph). 
 
N
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They were concentrated in this area as the adjacent glacier bends visibly to the west here. 
This area is therefore a natural exit point for flood water exploiting weaknesses in the glacier as 
it bends. The resulting feature is an ice-dammed lake basin, clearly seen in Figure 3.3 (arrowed). 
Although dry at present, it has held varying amounts of meltwater for significant periods of time, 
the most recently, being in 1999 during the small flood at the site. West of this glacial outflow 
point (both in terms of seasonal meltwater and jökulhlaup drainage routes) is therefore an 
important area to focus the search for Tenth Century floodwater; whilst taking into account ice-
thicknesses at the time of the Tenth Century,  evidence for which was sought in the well-exposed 
moraine sequences, seen in Figure 3.3.  
 
 
3.2 Tephrochronology 
Emergent volcanic activity deposits ash which over time becomes tephra layers in the soil 
profile. These bands of compacted volcanic ejecta can be used to date geomorphic features 
through the technique of tephrochronology, a key tool in this research. Tephrochronology is a 
dating technique based on the identification, correlation and radio-carbon dating of tephra layers 
(Thorarinsson, 1981; Dugmore, 1987, 1989).  
Tephra fallout patterns (and therefore regional stratigraphies) are highly variable, 
dependent on factors such as wind direction at the time of eruption. Tephra deposits become 
thinner the further from the eruption site and mapping their thicknesses can help constrain the 
size of past eruptions, by the extent and direction of fallout (Figure 3.4). Preservation of tephra 
layers also depends on the type of vegetation cover, run-off patterns and slope wash processes. 
There are many variables in preserving tephra deposits, making it initially a highly localised 
technique in which local chronologies are used to build regional correlations.  
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Figure 3.4: Tephra dispersal directions for historical Katla eruptions. From Thordarson & 
Höskuldsson (2002). 
  
The isochronous tephra horizons repeatedly deposited in the sedimentary sequence are separated 
by layers of silty aeolian deposits, a fine grained, light brown soil (Kirkbride & Dugmore 2008); 
sedimentation rates of which are relatively high in this region of Iceland (Figure 3.6).  
For the purposes of this study, a regional tephrochronology taken from Dugmore (1987, 
1989) and Larsen et al., (2005) acts as a template for identifying tephras around Sólheimajökull 
(Figure 3.5). The tephras in this region originate mainly from volcanic eruptions of Katla 
(including the Eldgjá eruption of 934/5 AD), Hekla and also Eyjafjallajökull and Veiðivötn. 
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Figure 3.5: Key sections for tephra layers (composite soil sections) south and west of Mýrdalsjökull. 
Age of prehistoric tephras is in calibrated years before present time but rounded to the nearest 
hundred years. Volcanic origin of tephra is indicated by colour (see key).  Adapted from Dugmore 
(1989), Larsen et al., (2005) and Oladóttir et al., (2005). 
                     KEY 
 
Black tephra layers, most of 
which have macroscopic 
(visual) characteristics of 
basaltic tephra from Katla 
system. 
                      
 
          
           Katla system, Silicic Tephra 
         
           Hekla system 
 
            Veiðivötn System 
 
           Other systems, silicic tephra 
 
 
          14th Century Triplet, (see text) 
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Figure 3.5 shows the key tephra layers found south and west of Mýrdalsjökull. The blue circle 
indicates three tephra layers deposited during three eruptions occurring within a relatively short 
time span; Hekla 1300 AD, Hekla 1341 AD and Katla 1357 AD. This triplet is easily identifiable 
in soil sections (see Table 3.2) and forms a key marker throughout this research. Table 3.2 
summarises key tephras and their physical properties, in this study area. 
 
 
Table 3.2: Key tephra layers found south of Mýrdalsjökull; their dates, physical properties 
macroscopic features, based on field observations and notes. Landnám underlined. 
 
 
Each tephra layer has certain physical and chemical properties typical of its source volcano’s 
geochemistry and the method of eruption. Characteristics individual to specific tephras act as 
marker horizons, easily identified by the naked eye and a hand lens (such as Landnám tephras c. 
870 AD containing small, white crystals, Table 3.2). Katla tephras are identified by a jet black 
colour in soil sections with three distinct grain types visible under a microscope; such as rods of 
fibrous glass, elongated grains of vesiculated glass and black scoriaceous grains (Larsen, 2000). 
Eyjafjallajökull’s silicic tephras (e.g. of 1821-3) are light to dark grey and fine-grained, 
suggesting the eruptions are affected by water (Larsen et al., 1999). Usually the more explosive 
the eruption, the coarser the tephra deposited.  
Key Tephra Layer and Date 
Particle Size/ 
Texture Colour Distinguishing features and notes 
Hekla 1947 Very Coarse  
Dark Grey/ 
Black 
Containing fragments of red scoria, explosive 
vent eruption 
Katla 1918 Fine- Coarse Black   
Katla 1860 Fine- Coarse Black  
Katla 1823 Coarse Black Lithic fragments  
Eyjafjallajökull 1821-3 Fine White Thin layer 
Katla 1755 Fine Black 
Large volcanic eruption producing 1.500 km3 
tephra 
Hekla 1597 Coarse 
Dark Grey/ 
Black 
Containing fragments of red scoria, range of 
colours 
Veiðivötn 1477 Fine 
Dark Grey/ 
Black No crystals 
Katla 1357 Coarse Black Also named "Sólheimar" Tephra  
Hekla 1341 Fine Blue/ Grey  Easily identifiable due to blue/ grey colour 
Hekla 1300 Coarse (Blue) / Grey Easily identifiable due to blue/grey colour 
Eldgjá 934/5 Coarse Black  
Katla 920/ Katla R Fine- Coarse Black Eruption coincident with Eyjafjallajökull 
 
Landnám 871(±2)  
Settlement Layer 
Fine 
 
Olive green/ 
Black 
Loose white crystals, shine to layer largest 
basaltic tephra layer in the world 
    
Ey-H (Eyjafjallajökull) 6th Century Fine White Lithic clasts within layer 
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Coarseness can be assessed by rubbing the tephra between thumb and forefinger. If 
individual grains can be felt, the tephra was classed as “coarse”. Analytical techniques such as 
EPMA (Electron Probe Microscopic Analysis) and radiocarbon dating have helped construct this 
regional stratigraphy, confirming dates and source volcano of the key tephra horizons in Table 
3.2. Around these markers, other less well-defined layers can be interpolated.  
Contacts between the base of each tephra layer and the sediment beneath reveals the type 
of exposed aeolian surface at the time of eruption, e.g. whether it was vegetated or snow covered 
which can cause differential settling and compaction of tephra, giving a less-sharply defined base 
to the layer and perhaps a more diffuse upper limit. Tephra layers can be truncated by flood 
deposits (identified by a gravelly texture) that may have accompanied the eruption at the time, a 
key finding for this project in searching for a Tenth Century flood. These waterlain deposits can 
be dated in relation to their position between marker tephra layers of known eruptions. 
 
Figure 3.6: Example of a complete reference tephrostratigraphy covering the last 1400 years west of 
Mýrdalsjökull. Key tephra horizons are labeled (Kirkbride & Dugmore, 2008). Double Ho tephra 
layer is  referred to as EY-H layer in the text, from Eyjafjallajökull’s Sixth Century eruption. 
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The geomorphic map was used to spatially connect soil profiles (tephrostratigraphies) 
dug at various locations. Each soil profile (similar to Figure 3.6) was logged and photographed in 
situ, then drawn up for correlation. Each pit was located using GPS, referenced by date and its 
position recorded on the field map. A note was also made of the surrounding environment to 
each log, i.e. geomorphic features within which the profile was dug (e.g. a plunge pool or slope). 
This allowed a scale of distortion to be built up, e.g. by slope wash or slumps, separating 
undistorted, reliable sections of quality. Where a tephra layer was of uncertain origin, a question 
mark was used and it was later checked against other local profiles for clarification of the layer. 
Where definitively dated tephra layers were observed, the date and source volcano was noted, 
using the volcanic reference and date e.g. K 1918 (Katla’s 1918 eruption). Information was 
recorded on the depth of each profile, its basal tephra (i.e. last discernible tephra layer before 
either bedrock, water table or base of the pit). A key was devised for recording soil profiles 
based on colour, thickness, particle size (texture) and composition of each layer (Figure 3.7).  
This key scheme was used to visually aid interpretation of the profiles, in stratigraphic section 
and in translating results to a model. 
In some areas, certain tephra layers could be traced for tens of metres, before ending 
abruptly at a moraine ridge or stream channel. Profiles had to be scraped with a knife to ensure a 
flat surface showed the colour variations between black/grey tephras and brown aeolian (non-
tephra) sediment more clearly. Local variation in tephra layer thickness was sometimes recorded, 
as a result of snow cover, or changing wind directions at the time of eruption, the depositional 
environment itself i.e. a protected gully will preserve tephra more favourably than an exposed 
hillside. Where profiles were located proximal to stream channels or base of slopes, more 
disturbance is noted. As tephra fell on snow-covered ground (especially at higher elevations, 
such as the western upland plateau), differential snow melting rates cause local degradation of 
tephra bands and a chaotic layer results. Where the stratigraphic order was interrupted, an 
erosional unconformity was observed by a symbol marked in the log. Contacts between tephra 
layers and intervening aeolian soil varied from sharp to blurred and this was noted by either a 
solid (or dashed) line. Sometimes thin or diffuse tephra layers (traces) were found, their position 
being marked by an arrow.  
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Figure 3.7 Tephrostratigraphy key 
 
3.2.1 Dating moraines using tephrochronology 
It is essential to understand the landform where each soil log was taken (i.e. a slope, delta fan or 
valley floor) to make accurate correlations and to relate the tephrostratigraphy to active landform 
processes of sediment erosion, transport and deposition. Figure 3.8 illustrates the way in which 
moraine ridges and the sediment preserved in inter-moraine troughs between these ridges can be 
dated using tephrochronology. This is from a similar study undertaken at Steinholtsjökull on 
Eyjafjallajökull’s northern slope using the same techniques as at Sólheimajökull, (Kirkbride and 
Dugmore, 2001).  
Figure 3.8 shows how troughs distal to the moraine ridges channel meltwater from the 
adjacent ice front. This meltwater would flow along the distal edge of each inner, younger 
moraine up against the proximal slope of the adjacent, older moraine (Kirkbride & Dugmore, 
2001). This means that any soil or volcanic sediment preserved in the hollows began to 
accumulate after the deposition of the younger bounding moraine (Kirkbride & Dugmore, 2001) 
and so a minimum age for the feature is established. Sólheimajökull’s moraines were dated using 
the same principle (e.g. Dugmore 1987).    
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Figure 3.8: A) Sample sites for lichenometry and tephrochronology on the Steinholtsjökull 
moraines. X-Y marks location of section shown in B. Dots indicate locations of soil pits for 
tephrostratigraphy. B) Section along X-Y showing tephrostratigraphy in the inter-moraine troughs 
(Kirkbride & Dugmore, 2001). 
 
100 
 
 
3.3 Sedimentology  
Sólheimasandur is made up of stacked sedimentary units, alternating between flood and fluvial 
deposits. Massive beds of homogenous pumice layers (deposited in volcanic jökulhlaup) can be 
traced for several kilometres. These pumice beds form key marker layers within Sólheimasandur, 
and samples were collected along the units, to determine how grain sizes and sedimentary 
characteristics change within a single flood event, down-sandur. 
 
3.3.1 Logging flood bank profiles 
Facies analyses of the flood banks along the Jökulsá River were carried out, in order to identify 
jökulhlaup deposits within the sedimentary profile, and to distinguish between flood assemblages 
and normal outwash deposits. Sedimentary logs were recorded at regular intervals using GPS, 
tape and altimeter. Photographs were taken to support sketches of the layers, and features within. 
The bank face had to be scraped clean with a spade to ensure a fresh surface was recorded. Fresh 
surfaces were sketched and logged; the nature of the boundaries between layers of pumice 
gravels and palagonite were noted. 
 
3.3.2 Palagonite Terrace 
In ascertaining the source and method of emplacement of this major sedimentary feature of 
Sólheimasandur, it was essential to record the dimensions of the Palagonite Terrace, and the 
nature of contact with underlying sediment layers. Its eastern edge was mapped (with GPS) as 
well as its western limit, i.e. the present meandering Jökulsá River channel. Its southern extent 
was estimated as it gradually grades out over the underlying sandur surface towards the coast. At 
200 m intervals down the “centre” of the ~2000 m existing fan, on the east side of the Jökulsá, 
palagonite soil depth was recorded and a clast-count performed, measuring long axis, width and 
depth of ten randomly-selected palagonite clasts and assessing their angularity using the 
Wentworth grain size and sorting classification. This was to ascertain depositional changes 
during the various stages of the flood that deposited the terrace, reflected in the sediment.  
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3.3.3 Sediment sampling and grain size analysis 
Grain size analysis of sediments (collected at various localities on Sólheimasandur during the 
2007 and 2008 field visits) was conducted in Dundee using a Beckman Coulter LS 13320 
Particle Size Analyser. By using laser granulometry to determine grain size, this equipment 
quantifies particle-size distributions over a dynamic range of 0.4-2000 µm via the principle of 
diffraction.  
Sediment collected from Sólheimasandur was initially air/ oven-dried overnight before 
being ground gently and passed through a 2 mm sieve. 3 g of each sediment sample were 
weighed out and left to stand in 10 ml H20 and 10 ml H2O2. When any reaction had stopped, a 
further 10 ml H2O2 was added before leaving to stand overnight. The beakers were then warmed 
on a hot plate to 100ºC until a clear supernatant was visible above the samples. This liquid was 
then disposed of and the sample was then centrifuged at 2500 rpm for 30 minutes. 30 ml of 
Sodium Hexametaphosphate was added before being placed in an ultrasonic bath for 5 minutes. 
The sample was then sieved again, through a 2 mm sieve and any material retained was oven 
dried and weighed. A pipette then transferred the sieved material from the magnetic stirring plate 
into the sample chamber of the Coulter Laser Sizer until obscuration values lay between 40 and 
50 %. 
                Analysis of the samples collected from Sólheimasandur was to provide information 
mainly on sediment texture (i.e. relative percentages of sand, silt and clay sized particles). The 
samples collected from Sólheimasandur were mostly from the thick pumice units that 
characterised the length of the flood banks on both the east and west sides of the Jökulsá River. 
Samples were collected in two ways: 
 North-South transect down-sandur to see how grain size changed with distance from the 
“source” of a flood, i.e. how changing grain sizes represented fluid dynamics of the flood 
that deposited the pumice layer. These samples were collected at intervals of ~ 10m; 
 Top to base of one individual pumice layer within the western flood bank (samples 
collected at intervals of 1m). 
 
Grain size analyses were supplemented with field observations and sketches made at 
Sólheimasandur, i.e. of depositional features within the pumice units, as well as the wider sandur 
sequence, such as cross-bedding, truncation of lenses and particle sorting. 
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Chapter 4: Results  
 
The results of field work undertaken at Sólheimasandur, and of subsequent laboratory analysis 
are three-fold:  
 Identification of geomorphic and sedimentary features indicating recent and historical 
flood activity at Sólheimajökull. 
  Reconstruction and extension of Tenth Century ice limits at Sólheimajökull, identifying 
likely exit points for flood water, pathways of flood water at the time, and whether an ice-
dammed lake could have existed in Jökulsárgil  at the time of the flood. 
 Evidence of the Tenth Century flood itself: its source, the route(s) it took and the 
depositional feature(s) it left behind, providing clues to its magnitude and character. 
Two interactive maps have been compiled of the upper and lower field sites (western upland 
plateau and the canyons and sandur) providing supplementary visual support of features referred 
to, and discussed in the text (i.e. annotated images of soil profiles, geomorphic flood features and 
flood deposits). They also allow an appreciation of the locations in which particular soil pits 
were dug; showing base of slopes, high ridges and stream networks.  
The two interactive field maps can be viewed electronically on the CD attached:  
1) Interactive Plateau Map (IPM): West of Sólheimajökull (Figure 4.1)  
2) Interactive Canyons & Sandur Map (ICSM): South and west of the glacier (Figure 4.2) 
 
Specific profiles and features are discussed in detail for their crucial role in proving if a major 
flood occurred here, in the Tenth Century, modifying the topography and landscape in such a 
way that its effects are still seen today. The following pieces of field evidence seek to pinpoint 
the route of a Tenth Century flood, giving insight into reconstructing its trigger mechanism, 
magnitude, spatial extent and duration. Evidence is on a much larger spatial scale than that of the 
1999 flood at Sólheimajökull but, nevertheless, flood features remain essentially the same. This 
means that the flood features recorded in 1999 (Section 2.4) form a good basis for identifying the 
same features (albeit on a larger scale) for the Tenth Century flood. Fieldwork focussed on 
distinguishing Tenth Century deposits from other surrounding deposits of different ages. This 
distinction was aided by the sedimentary studies by Maizels (1989a, b; 1991; 1994) and by 
tephrochronological work (Dugmore, 1987). 
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Figure 4.1: Interactive Plateau Map (CD) illustrating relic and active meltwater channels from 
Sólheimajökull towards Jökulsárgil. Based on USAF 1984 aerial photograph.       
            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2: Interactive Canyons and Sandur Map (CD) showing Sólheimajökull ice limits (from 
Dugmore 1987). Based on USAF 1990 aerial photograph.  
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4.1: Tenth Century flood source: Western upland plateau  
The western upland plateau (Area 1 in Figure 3.1) forms a key field site in locating Tenth 
Century flood evidence at Sólheimajökull. The area would have been largely ice-covered in the 
Tenth Century beneath the glacier, meaning there was a shorter distance (<1 km) for floodwater 
to travel west before reaching Jökulsárgil gorge, and potentially an ice-dammed lake. Numerous 
subsequent floods (and meltwater channels) have since altered the plateau topography but there 
may still be areas of preserved Tenth Century sediment, particularly adjacent to Tenth Century 
moraines. This therefore was the key reason for mapping this area, particularly in searching for 
the Tenth Century moraine itself;  an essential starting point for locating exit points for a Tenth 
Century flood. Where a reference is made to the Interactive Plateau field map (IPM), annotated 
images accompany many of the features discussed in the text. 
  
4.1.1 Geomorphology 
The main topographical features of the western upland plateau are the high ridges which separate 
the main drainage paths of this upland area, lying immediately west of the glacier. Figure 3.2 
shows the area’s topography (averaging 300-700 m a.s.l). The terrain is mossy, marshy heath 
land with rounded ridges capped with gravels and frost-shattered debris (Figure 4.3).  
 
 
Figure 4.3: Western upland plateau. View to south overlooking Sólheimajökull in middle distance 
(L. Booth, 2008). 
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Pathways (or spillways) mapped between Sólheimajökull and Jökulsárgil reveal an intricate 
drainage network of channels, allowing floodwater to exit Sólheimajökull and flow west into 
Jökulsárgil from several hanging valleys at or around the 300 m contour. This drainage network 
has moved progressively southwards over the Holocene as the glacier thinned, now actively 
occupying the Hvítmaga area (Appendix 1a). Larger, deeper canyons now lie more or less 
abandoned to the north with the southern area now carrying most of the seasonal runoff and 
streams. Many of the river channels and streams are misfit within their valleys (Slides 4 & 18, 
IPM).  This is evidence of previous, much larger drainage channels now carrying lesser amounts 
of meltwater which, since the Little Ice Age, have gradually caused secondary incision of the 
larger, broader channels (Figure 4.4). 
 
 
Figure 4.4:  Hvítmaga misfit streams (active in blue) flowing down large trough beds, washed 
smooth by meltwater, presumably Little Ice Age. A relic plunge pool is seen to the right (located on 
map in Figure 4.6) (L. Booth, 2007).  
 
Some of these broad meltwater channels are over 30 m wide, however (Figure 4.5) and appear to 
have carried a significant amount of meltwater.  
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Figure  4.5: Austurhnausar large basin and meltwater channel. See Figure 4.6 for location  
(L. Booth, 2007). 
 
Figure 4.6 (western upland plateau field map) displays geomorphic features indicative of water 
passage, both active and relic. Major rivers are drawn in darker blue and streams in light blue. A 
series of pools lies along major drainage routes, some of which are now dry. Essentially, there 
were four major meltwater routes, along deeply incised valleys (numbered 1-4 Slide 2, IPM). 
These routes no longer carry the large volumes of meltwater they would have done during the 
Tenth Century. As Sólheimajökull and Mýrdalsjökull’s ice has thinned; these main drainage 
routes have migrated south in sequence, Figure 4.7.  
 The main area for active meltwater drainage now is the Hvítmaga area where two 
principal channels curve around a resistant outcrop in the centre of the site (channels 1 and 2, 
Figure 4.6). Numerous tributary streams join these main channels forming an extensive drainage 
network (Figure 4.7). The main exit points for floodwater leaving Sólheimajökull are marked 
with blue arrows, along with entry points into Jökulsárgil. Each of these entry points (orange 
arrows) now rest within hanging valleys left several hundred metres above Jökulsárgil ’s canyon 
floor, reminders of what would have been inflow points for streams feeding a deep ice-dammed 
lake, long since drained.  
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Figure 4.6: Western upland plateau annotated field map.  
2 
1 
Fig 4.5 
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Figure 4.7: Channel network in detail of the western upland plateau.  Black arrows represent active 
drainage channels into Jökulsárgil. Red square denotes area of Figure 4.6, western upland plateau 
map. 
 
The meltwater channels become progressively deeper and broader towards the north (Figure 4.8). 
Hvítmaga’s stream network is of a much younger, less well-established profile than the deeply 
incised canyons north of Skjólkambur. The contours marked on the glacier surface in Figure 4.7 
record the minimum height/ thickness the ice would have needed to reach in order for floodwater 
leaving the glacial system to exit the glacier at these points (blue arrows) and flow across the 
western upland plateau. 
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4.1.2 Tephrostratigraphic dating controls 
Within the geomorphic setting shown in Figures 4.6 and 4.7, sedimentary (or soil) profile 
localities are marked, their findings giving a temporal dimension to the spatial geomorphic map. 
Figure 4.8 shows the location of soil profiles dug on the western upland plateau, against a 
backdrop of topography (there are minor variances in the glacial limits as the aerial image was 
taken in 1984 and the topographic map drawn in 1988). Figure 4.8 shows the distribution of 
tephrostratigraphies recorded across the upland area, clustered particularly along the main 
drainage routes identified in the preliminary field map (Figure 4.6). 
 
Figure 4.8: Map of western upland plateau area with topographic overlay: showing main rivers 
(dark blue), minor streams (light blue) and soil profile locations. Overlain on Landmælingar 
Islands 1988 1:50,000 scale map and USAF aerial photograph 1984. See Fig 3.3 for profile numbers. 
N 
0.5 km 
110 
 
 
The soil pits dug across the western upland plateau site and their recorded tephrostratigraphies 
(Figure 4.8) are highlighted in Table 4.1. Together with past profiles recorded around 
Sólheimajökull, e.g. by Dugmore (1987), shown in Appendix 8; a well-elucidated glacial and 
volcanic history provides a valuable framework for dating the geomorphic features identified on 
the field maps. Therefore a spatial and temporal impression of the features over the whole field 
area is built up, essential in constructing a flood chronology at the site.   
 
Table 4.1: Tephrostratigraphies: Western Upland Plateau 
 
Pit/ 
Profile Location/ Landform 
Basal Tephra, 
Limiting date 
Depth 
(cm) 
Slide 
ref. 
9.6.1 Channel behind 18th C Moraine K 1755 21 
IPM 
22 
9.6.2 Channel, soil wedge against hill H1300 69.5 23  
9.6.3 Channel H1300 32.5 24 
9.6.4 Base of channel slope H1300 116 25 
9.6.5 Channel H1340 90 26 
9.6.6 Channel H1300 95 27 
9.6.7 Channel H1300 91 28 
9.6.8 Channel H1357 84.5 29 
9.6.9 Channel ? 79 30 
9.6.10 Eroding slope above channel ? 77 31 
    
 
10.6.1.a Eroding slope, upslope of ‘hlaup channel ? SILK UN 2.7 BP 76.5 15 
10.6.1.b 920 Flood ? SILK UN 2.7 BP 69.5 16 
10.6.1.c 920 Flood ? SILK UN 2.7 BP 53 16 
10.6.2 Little Ice Age alluvial basin K 1755 15.5 32 
10.6.3 Slopes of col H1300 30.5 33 
10.6.4 1755 Meltwater channel K 1755 27.5 34 
10.6.5 Medieval Moraine H1300 37 35 
10.6.6 Water-lain deposit ? K 1823 54 36 
10.6.7 Outwash from Col ? K1755 22 37 
 
In addition, a separate collection of tephrostratigraphies were specifically used to date the 
moraine sequence of the western upland plateau, in searching for Tenth Century ice margins. 
Dugmore’s (1987) Tenth Century ice limits (Figure 2.27) can now be extended up onto the 
western upland plateau, west of Sólheimajökull giving accurate extents of ice cover in the Tenth 
Century. Dates are now offered for the complete moraine sequence at the western upland plateau. 
NB: Soil profiles are displayed using colour and textures to aid interpretation as part of the 
resultant 3D visualisation. Field logs using standardised notation can be viewed in Appendix 12.   
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4.1.3 Glacial chronology of Sólheimajökull 
Sólheimajökull’s glacial chronology (Section 2.5) has been expanded by using 
tephrochronological techniques (explained previously in Section 3.2.1) to date the glacial 
moraines of the western upland plateau. A well-preserved moraine sequence (Slide 19, 20, IPM) 
lies to the west of the relic ice-dammed lake basin (Slide 11, 12, IPM) which was previously 
flooded in the 1999 jökulhlaup. The area was mapped, outwards from the present glacier margin 
through the detailed moraine sequence of the western upland plateau, with the aim of locating the 
Tenth Century moraine and to place outwash or flood features into geomorphic context.  
Figure 4.9a displays the moraine ridges, coded in order of their deposition, M1-M9. 
Figure 4.9b then provides a cross-sectional view through the sequence, displaying the 
tephrostratigraphies taken from soil pits dug in the troughs lying between each ridge. Table 4.2 
lists these soil profiles, describing their location, basal tephra and depth (cm). Where the location 
describes a soil pit as proximal or distal, it is referring to its position in relation to the ice mass, 
i.e. Sólheimajökull.  
The estimated ages of these moraines are given in Table 4.3, based on tephrostratigraphic 
results. It should be noted that the soil pit reference numbers in Figure 4.9b (shown in red) are 
specific to dating the moraine sequence only. They have therefore been omitted from the western 
upland plateau map (Figure 4.6) to avoid confusion. Their purpose was solely to date the 
moraine sequence whereas the profiles shown in Figure 4.6 were used to search for Tenth 
Century flood evidence.  
Within the moraine sequence of Figure 4.9, the Tenth Century limit was identified for the 
purpose of locating ice-marginal flood exit points along what would have been the glacier’s 
western flank at the time of a Tenth Century flood. Locating the Tenth Century moraine also 
gives an idea of the extent of ice-coverage across this upland area and therefore the direction in 
which floodwater would most likely have flowed. 
Figure 4.6 shows the location of the Tenth Century moraine (in yellow), which is located 
behind the moraine sequence shown in Figure 4.9 (off lower left corner of Figure 4.9a). It lies 
slightly up-slope from the valley floor and lacks the distinctive, elongated shape of the Little Ice 
Age moraines in Figure 4.9, due mainly to its age (seen in Slide 38, IPM). Its profile is slightly 
subdued and it is incomplete having been dissected by ten centuries worth of slope wash and 
meltwater carving. Soil profile 10/6/1a (marked in Figure 4.6) was used to accurately date the 
moraine, which will be discussed in detail in Section 4.1.4. 
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Figure 4.9 a) Panorama of moraine sequence on Sólheimajökull’s western glacial plateau. b) Cross- 
sectional view of the moraine sequence (looking south). Taken from Appendix 4, which gives a 
large-scale, more detailed view of both the panorama and cross section. NB. The Tenth Century 
moraine lies off the bottom left of the image, to the north. Glacier to left. 
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Table 4.2: Tephrostratigraphies from soil pits dug across the moraine sequence on Sólheimajökull’s 
western upland plateau. 
 
Soil Pit Reference Location Basal Tephra Depth (cm) 
9/6/1 Proximal to M1 K1755 21 
9/6/2 Proximal to M2 K1755 26 
9/6/3 Proximal to M3 K1918 22 
9/6/4 Proximal to M3 K1918 15 
9/6/5 Proximal to M4 K1860 17 
9/6/6 Proximal to M4 K1860 24 
9/6/7 Distal to M5 K1918 30 
9/6/8 On M5 K1918 13 
9/6/9 Proximal to M5 K1918 9 
9/6/10 Proximal to M6 K1918 11 
9/6/11 On M8 H1947 11 
9/6/12 On distal slope of M8 H1947 18 
9/6/13 Proximal to M8 H1947 11 
 
  
Table 4.3: Moraine ridges, western upland plateau and their associated ages. 
 
Moraine Reference Limiting (basal)Tephra Age estimate (AD/ BC) 
between known tephra 
ages 
M1 K1755 c. 1740s 
M2 K1755 “ 
M3 K1755 “ 
M4 K1860 c.1800s 
M5 K1918 c. 1890s 
M6 K1918 “ 
M7 ? “ 
M8 H1947 c. 1920s 
M0 K1755 c. 1700s? 
MX H1300 c. Tenth Century 
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On locating the Tenth Century moraine, the following profiles, from Table 4.1 were used in 
dating sediments accumulated in the two principal ‘hlaup (flood) channels 1 and 2 (Figure 4.6) 
adjacent to the Tenth Century glacier. Some profiles included evidence of Tenth Century 
floodwater passage (blue), whilst others did not (red). Some were unable to confirm either way 
(green). These profiles might have been re-worked or incomplete but they do not rule out 
passage of Tenth Century flood water. The Interactive Plateau Map locates and shows each 
profile in detail. Table 4.1 lists the basal tephras of each profile. 
Table 4.4: Tephrostratigraphic dating controls for jökulhlaup channels investigated on the western 
upland plateau for Tenth Century floodwater.  
 
1. East of Hvítmaga 2. West of Hvítmaga 
9/6/1 9/6/6 
9/6/2 9/6/7 
9/6/3 9/6/8 
9/6/4 9/6/9 
9/6/5 9/6/10 
10/6/1 a b c  
10/6/2  
10/6/3  
10/6/4  
10/6/5  
10/6/6  
10/6/7  
 
Most of the red profiles were ice-covered in the Tenth Century (considering their position in 
relation to the Tenth Century moraine). However, some of the profiles had Fourteenth Century 
basal tephras and therefore may have been partially exposed, or lain above flood channels in the 
Tenth Century or shortly afterwards. It should be noted that the channel east of Hvítmaga (1) has 
been extensively re-worked by ice cover and Little Ice Age meltwater (e.g. Profile 9/6/5). This 
does not rule out the channel as a Tenth Century flood route, but much of the sedimentary 
evidence has been lost. Evidence for accurately locating a Tenth Century flood deposit is rare 
and the most conclusive of all the profiles in identifying a deposit of this age, was 10/6/1a-c, 
which will now be discussed in detail.  
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4.1.4 Tenth Century flood evidence 
Soil profile 10/6/1 (located on Figure 4.6) indicates that this ground was washed by Tenth 
Century floodwater. Figure 4.10 (Slide 16, IPM) shows the section in overview, showing two 
annotated locations of flood activity (or deposits), and three erosional unconformities. Distortion 
of the lower tephra layer limb of the K920/E934 AD eruption, and complete truncation of the 
Landnám tephra further down-profile indicates that initial airfall tephra from the K920/ E934 AD 
eruption was shortly followed by a flood. The flood deposit seen here is covered by only a thin 
layer of tephra in Profile 10/6/1, indicating that the flood seems to have waned just before the 
end of tephra outfall, although this is a localised assumption. 
 
Figure 4.10: Slide 16 IPM - Soil Profile 10/6/1 illustrating the erosional unconformities and the 
flood-washed stratigraphy of the Tenth Century flood. Unannotated image in Appendix 12. 
 
Figures (4.10 a-c) show soil logs 10/6/1a, b & c alongside annotated photographs. Appendix 9 
shows correlations drawn between the three logs, showing progression of the Tenth Century 
flood deposit across the two pits. Both 10/6/1 b and c were taken from the same pit (b is the back 
wall left corner; c is the back wall right corner) as their lines of section pass through the same 
unconformities; but in 10/6/1b unconformity 1 is pinched out by an overlying unconformity, 
which results in a slightly different final log. 
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Figure 4.10a: Profile 10/6/1a. Western upland plateau (Photo: L. Booth, 2007). Key, Fig 3.7. 
Unannotated image in Appendix 12. 
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Profile 10/6/1a was dug into an eroding scarp. This accounts for the surface erosional 
unconformity seen at the top of the log (where V1477 sits directly beneath moss/vegetation). 
Profile 10/6/1a sits 1-2 m upslope of the 10/6/1b & c pit and is a key profile in not only 
identifying Tenth Century flood passage, but it also acts as a spatial and temporal dating 
constraint for the Tenth Century moraine which lies 10-15m down-slope beyond a small stream 
(Slide 38, IPM). This profile therefore lies outside of (immediately beyond) the Tenth Century 
ice limit of Sólheimajökull on the western upland plateau. Although a K920/ E934/5 tephra is not 
recorded here as such, Landnám (~871) is observed. This is readily identifiable by a shine to its 
green-black tephra deposit containing small white crystals (Table 3.2). Figure 4.10a shows the 
truncation of Landnám (green circle) just beneath the coarse-grained flood deposit, which is 
dated as Tenth Century for two reasons: it sits directly above Landnám, and the Fourteenth 
Century tephra triplet sequence is intact much further up-profile. This therefore rules out 
adjacent tephra deposits and suggests a deposit of Tenth Century age. 
 Although the profile has seen some destabilisation, or disturbance, given its geomorphic 
location, the key tephra layers still preserved in Profile 10/6/1a allow observation of a relatively 
intact Tenth Century flood deposit. The flood deposit itself displays crude bedding on the cm 
scale, a cross-cutting bed, below which lie gravelly clasts as part of the coarser-grained deposit. 
The individual pumice grains are well-rounded, suggesting water-lain emplacement. Although 
the base of the flood deposit does erode underlying sediment in places, it is predominantly a 
depositional contact, and its base is easily traced. It is the base of the layer which forms the 
crucial dating surface. 
 The presence of the Eystriheiði deposit within Profile 10/6/1a is noteworthy as, during 
Eystriheiði times (6th Century), ice would have been expected to cover this ground. If that was 
the case, there should be no Sixth Century soils left behind. Instead not only are Sixth Century 
tephras observed but earlier layers as well. This profile is therefore significant in that its location 
lay outside of the expected Eystriheiði ice limits. The lowest unconformity marks a missing 
~2000 years’ worth of sediment accumulation. The Layer Y triplet (400-500 AD) is possibly 
identified as the thick tephra deposit below Layer T, but in this case, overlying sediment would 
be expected to be found. One possibility is that ice may have destroyed it (see Appendix 3 for 
chronology of pre-historic tephra horizons). In short, this profile raises questions about ice cover 
across the western upland plateau and major erosional events which have occurred across the 
Eystriheiði and Tenth Century surfaces.  
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Figure 4.10b: Profile 10/6/1b. Western upland plateau (Photo: L. Booth, 2007). Key, Fig 3.7. 
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Profile 10/6/1b was recorded from the back left corner of Pit 10/6/1 b & c. The section line 
passes through just one unconformity as an older unconformity (Sixth Century Eystriheiði gravel 
layer) has been pinched out by the overlying erosional surface (Figure 4.10). Profile 10/6/1c, 
however, passes through all three unconformities. 10/6/1b’s post-Tenth Century stratigraphic 
sequence is undisturbed from K920/ E935 upwards. This location has accumulated a complete 
sedimentary profile until the present day (even though Hekla 1341 is pinched out). The pit is 
therefore reliable, and valuable, in putting the Tenth Century flood’s passage into stratigraphic 
context at this fixed geographic point. 
 The Tenth Century flood deposit in this profile can be seen as a large, 20 cm thick rip-up 
clast which bisects the Tenth Century tephra layer (Figure 4.10b). This block of silty sediment 
has been forcibly emplaced, by floodwater, rapidly distorting what would otherwise have been a 
uniformly-deposited, horizontal Tenth Century tephra layer had it not lain in a Tenth Century 
flood channel. The erosional unconformity shown in red almost curves over on itself beneath the 
rip-up clast suggesting a turbulent (forceful) flow/ flood which effectively churned underlying 
sediment before deposition. This is an erosive basal flood contact and differs from the mainly 
depositional one observed in Profile 10/6/1a. As the two surfaces are contemporaneous with each 
other, yet differ in character, two slightly different depositional locations are implied: 10/6/1a is 
likely to have lain in a less turbulent area of a Tenth Century flood channel where the deposit 
was allowed to form its well-defined base, whereas 10/6/1b likely lay towards an area of greater 
turbulence, hence its erosive base.   
 
Profile 10/6/1c: In Profile 10/6/1b, (left side of the pit), Landnam (~871 AD) is not visible. 
However, in Profile 10/6/1c on the right hand side of the pit a remnant of the layer is observed. 
The abrupt truncation of the Landnam tephra in Profile 10/6/1c (Figure 4.10c) below the upper 
red line (Tenth Century flood unconformity) will have been near the contemporaneous surface 
which the Tenth Century flood washed over, and eroded into; leaving a remant, discontinued 
Landnam tephra layer. The red line therefore indicates this erosive incision at the time Tenth 
Century floodwater will have flowed over (and into) this layer. 
 Usually where the Landnam tephra is found, it suggests a lack of Tenth Century flood 
activity as the sediment containing Landnam will have mostly been washed away, or dispersed. 
However, here its otherwise intact layer is observed forcibly cut (truncated) which gives an exact 
location to where the edge/limit of floodwater flowed down this channel in the Tenth Century.  
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Figure 4.10c: Profile 10/6/1c. Western upland plateau (Photo: L. Booth, 2007). Key, Fig 3.7. 
Unannotated images of 10/6/1 a-c in Appendix 12. 
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Figure 4.10d: Appendix 9. Correlations drawn between Profiles 10/6/1 a, b, c. Key, Fig 3.7. 
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4.1.5 Summary 
In compiling field evidence from the western upland plateau, an appreciation is gained for the 
likely source area of a Tenth Century flood. The Tenth Century glacier margin is accurately 
identified, along with location of a Tenth Century flood deposit immediately adjacent to the 
contemporaneous glacial margin, lying on the upslope edge of what would have been an ice-
lateral drainage channel. This channel is part of a wider channel network on the plateau which 
has been mapped and shown to be active at the time of the flood, capable of rapidly diverting 
significant amounts of floodwater west into Jökulsárgil, and its ice-dammed lake. Figure 4.11 
summarises the results collected in this field area, in advance of searching the ice-dammed lake 
basin site and ice-lateral canyons for additional flood evidence further south. 
 
 
Figure 4.11: Flood/meltwater channels (blue) against backdrop of 1947 aerial photograph (USAF). 
The Tenth Century moraine is pictured and located, as is Soil Profile 10/6/1. White arrows are 
subglacial flood pathways beneath the contemporaneous glacier. Exit points for floodwater are 
shown along the Tenth Century glacial limit. Sólheimajökull to right; North is top of image. 
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4.2 Tenth Century flood storage: Jökulsárgil’s ice-dammed lake. 
An ice-dammed lake, of varying dimensions, existed in Jökulsárgil throughout the Holocene. It is 
recorded in old maps and by eye witnesses since at least the early 1700s (Figure 2.11). The 1999 
flood was also observed to have filled pre-carved depressions. This short-lived flood in 1999 
highlights the main contemporary exit points of the glacier, i.e. areas of weakness due to 
underlying topographical influences (such as more resistant rock at Jökulhaus creating the dog-
legged bend to the valley). The 1999 flood therefore offers clues regarding jökulhlaup behaviour 
at the site, albeit on a smaller temporal and spatial scale, useful in understanding a Tenth Century 
flood. Similar locations would likely have flooded as underlying topographical/ geological 
structures are relatively unchanged. However, due to much greater thicknesses of ice in the Tenth 
Century, the potential for the glacier to dam ice-marginal lakes would have been increased, 
possibly creating a lake which might have reached several hundred metres up Jökulsárgil, with 
depths exceeding 100 m (Figure 4.12a).  
Photo: Oddur Sigurdsson
Former ice-
dammed lake
 
Figure 4.12a: Theoretical image of Tenth Century ice limits of Sólheimajökull and the ice-dammed 
lake in Jökulsárgil. The arrow marks a narrow canyon, perhaps carved by lake overspill.  
 
The spillway arrowed in Figure 4.12a is a slot canyon cross-cutting Litlafjall and leading into 
Votagjá, from which a stream still flows. It sits approximately 100 m above Jökulsárgil’s canyon 
floor and is narrow, with vertical walls. It might have acted as a potential overspill channel for 
ice-dammed lake floodwater, providing a link to the western canyons which lie to the south. 
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4.2.1 Ice Dam 
In ascertaining the height of an ice dam across Jökulsárgil canyon, during the Tenth Century, 
assistance can be drawn from Dugmore’s (1987) dating of the well-preserved moraine sequences 
at Hrossatungur (Figure 4.12b). Dugmore (1987) identified the Tenth Century ice limit on the 
glacier’s eastern side in detail (red line in Figure 4.12b). He notes that the altitude of the 
Hestapingsháls moraine (on the ridge immediately east of Jökulsárgil ) correlates with the E/H 
Moraine IV on Eystriheiði “because these diametrically opposite moraines are at the same 
height” (seen in Appendix 8 as a dashed red line). Their gradients indicate they were formed at 
the same time as the Hólar moraine (Tenth Century) “because the slope defined by these 
landforms is similar to the gradient of the lower reaches of the modern Sólheimajökull” 
(Dugmore, 1987). 
Therefore, Dugmore’s (1987) probable Tenth Century ice limit (Appendix 8) is well-
constrained and allows an estimation of the Tenth Century glacier at a peak height of 420 m on 
Hrossatungur, lying on the opposite side of the glacier to Jökulsárgil  canyon. By following a 
projected ice- contour line across the surface of the glacier, it can be reasonably inferred that the 
height of an ice wall across the entrance to Jökulsárgil would not differ greatly to the adjacent ice 
height at Hrossatungur, it possibly may have been slightly higher as the glacier thickens on its 
western side as the valley bends to the west.  
As the glacier’s eastern edge extends further round the sharp bend in the valley, 
extensional crevasses open up, thinning the ice; whereas on its inner bend, shear crevasses bunch 
and distort the ice into thick, deep crevasses. The ice wall at the point of Jökulsárgil canyon 
would have been thicker, and therefore stronger, than if it had lain in a region of extension, 
where weaknesses in the ice would be more easily exploited. This therefore suggests that the 
existence of a deep lake in Jökulsárgil at the time of the Tenth Century was highly probable.  
The locating of the Tenth Century moraine on the western upland plateau also allows an 
improved estimate of the thickness of ice that would have blocked Jökulsárgil. Ice did not extend 
far up into the entrance to Jökulsárgil, as it would have naturally flowed south under gravity, 
thereby leaving a potentially large ice-dammed lake in the topographic depression. Figure 4.12b 
gives some impression of the range of depths and lengths an ice-dammed lake might have 
reached given different ice thicknesses.  
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Figure 4.12b: Potential Tenth Century ice-dammed lake depths in Jökulsárgil. Depth shown in 
metres, drawn to the topographic map contour lines every 20 m. Camera symbol and arrow relates 
to viewpoint and direction of photo in Figure 4.14. Red line is Tenth Century ice limit at 
Hrossatungur (after Dugmore, 1987). One grid square = 1 km. North to top. 
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4.2.2 Ice-dammed lake shorelines 
Several field observations were made in searching for relic shorelines of Jökulsárgil’s ice- 
dammed lake. Figure 4.13 shows horizontal lineations on exposed bedrock at the mouth of the 
canyon, which may indicate standing water for a period of time. Similarly on the opposite side of 
the canyon mouth, a distinctive horizontal scarp is seen (arrowed, Figure 4.13). It is, however, 
not certain whether or not these are actual lake level marks and further research would have to be 
carried out to confirm this, upon closer inspection of the canyon walls, access to which is 
limited. 
 
Figure 4.13: Possible shoreline level marks (green circle) on Jökulsárgil canyon walls (N. Booth, 
2008. Both images facing north). 
 
At the 300 m contour along Jökulsárgil, a distinct break of slope is seen (Figure 4.14). It is worth 
noting that above the 300 m contour, slopes are less steep, vegetated and smoother. Abruptly 
below the 300 m contour, the slopes drop vertically to the valley floor, along a scarp devoid of 
vegetation, sharply-gullied and made up of coalescing alluvial fans. These fans can be seen in the 
Preliminary Field Map (Appendix 1c). 
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Figure 4.14: Impression of Jökulsárgil flooded to the 300 m contour line by a theoretical ice- 
dammed lake around the time of Tenth Century when ice heights at the canyon mouth would have 
exceeded 300m. Camera symbol relates to location marked in Figure 4.12b. Facing North. 
.   
4.2.3 Volume estimate of a Tenth Century ice-dammed lake in Jökulsárgil  
Ten cross-sections (A-J) were drawn at equal (300 m) intervals across Jökulsárgil, in a north-
south direction, using a 1:50,000 topographic map base, to give an idea of changing cross-
sectional area in the location of the ice-dammed lake (Figure 4.14a).  
Cross-section A lies at the southerly junction of the valley where Solheimajokull’s ice 
dam would have lain, and the other cross-sections B-I are spaced 300m apart placed in a 
northerly direction, to a significant easterly bend in the valley floor, which lies 2,850 m from the 
ice dam and marks the final cross section J. A multiplier correction was added (1.513) to account 
for a horizontal scale difference between the scaled cross-sectional diagrams and the topographic 
map for consistency. (575 m between contours on the scaled drawings was equivalent to 870 m 
on the map. 870/575=1.513). Water levels were provisionally drawn in at a height of the 300 m 
contour, aligning with the stranded hanging valleys and the break of slope, as previously shown 
in Figure 4.14. 
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Figure 4.14a: 1:50,000 topographic base map of Sólheimajökull and the location of Jökulsárgil’s 
ice-dammed lake. Cross-sections A-J are spaced 300 m apart in a north –south transect of the 
valley (north to top). Scale 1 km= one grid square. 
N 
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All cross sections: Horizontal scale 1,200 m 
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(NB: Cross sections A-J are horizontally not drawn to scale. Their horizontal axes represent 
1,200 m across. This has been corrected using a correction multiplier added to each cross-
section) to correlate to the 1:50,000 topographic map contours). The results are shown below in 
Figure 4.14b: 
Maximum potential volume of water stored in Tenth Century Jokulsargil (based on contemporary valley profile)
Cross-Sectional Horizontal (width) Multiplier correction Vertical (depth) Cross-sectional Importance
Area (metres) for horizontal scale (metres) Area (m²) value
A 575 x 1.513 (=) 870 x0.5 x160 (=) 69,600 x2
B 460 x 1.513 (=) 696 x0.5 x150 (=) 52,200 x2
C 150 x 1.513 (=) 227 x0.5 x140 (=) 15,890 x2
D 200 x 1.513 (=) 303 x0.5 x140 (=) 21,210 x2
E 150 x 1.513 (=) 227 x0.5 x90 (=) 10,215 x2
F 170 x 1.513 (=) 257 x0.5 x60 (=) 7,710 x2
G 140 x 1.513 (=) 212 x0.5 x70 (=) 7,420 x2
H 70 x 1.513 (=) 106 x0.5 x40 (=) 2,120 x2
I 80 x 1.513 (=) 121 x0.5 x40 (=) 2,420 x2
J 50 x 1.513 (=) 76 x0.5 x35 (=) 1,330 x1
Total 378,900 19
Average Cross Sectional Area (CSA)
378,900/19= 19,942m²
From glacier to CSA J, length of valley= 2,850 m x 19,942 m²= 56,835,000m³ water
or approximately 57,000,000 m³ water
equivalent to 57,000,000 tonnes (1 m³=1 metric tonne)
or 57 x 10⁶ m³
 
Figure 4.14b: Maximum potential volume of water stored in a Tenth Century Jökulsárgil ice-
dammed lake (based on the contemporary valley profile). 
 
The estimate volume of water will be a maximum estimate as the cross-sectional areas are based 
on a present-day valley profile. Subsequent incision of the valley since Tenth Century by the 
Jökulsá and by subsequent ice-dammed lake formation and drainage will have further deepened 
its profile significantly, particularly in the Little Ice Age. Therefore caution should be exercised 
in using any estimate of the amount of water it can potentially hold, remembering these values 
are based on if an ice dam exceeding 300m high were to exist presently at the canyon mouth.  
What this does show is a maximum potential storage estimate based on the only cross-sectional 
data we can hope to have, and when compared to events like the 1999 flood, this will place into 
context the potential size of lake and amount of stored water that might have existed when the 
lake was at a maximum dimension. The 1999 flood was said to have a temporary storage of  1.5 
x 106 m3 i.e. 1,500,000m3 of water was temporarily stored in the basin during the 1999 flood. 
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Comparing this value to < 57,000,000 m3 of water which could potentially be stored in a Tenth 
Century ice-dammed lake, a potential trigger mechanism or source of a large amount of water 
with high erosive potential is identified, which might be responsible for the scoured appearance 
of Jökulsárgil further downstream.    
 
4.2.4 Summary 
As an erosional feature, finding dating evidence for the ice-dammed lake is highly unlikely, 
especially for the Tenth Century, as the valley has flooded and drained many times since, 
washing away any remaining tephra-containing sediment. Access to the valley sides is also 
difficult, limiting the locations in which to search. Therefore no age controls or conclusive field 
evidence was able to be gathered for the ice-dammed lake. However, clues to its existence are in 
the historical records and early maps of the site (Figure 2.11) and it would have had a significant 
role to play in the course of a Tenth Century flood.  
All meltwater flowing west from Sólheimajökull across the western upland plateau in a Tenth 
Century flood would have eventually reached the ice-dammed lake. It would have acted as a 
temporary collecting basin for meltwater produced during a volcanic eruption within 
Sólheimajökull’s catchment area, rapidly feeding an already-sizable lake, continuously 
replenished by fluvial drainage and surface runoff.  Sudden influx of additional meltwater may 
have placed overwhelming stresses on the ice dam prompting failure, or overspill. How long 
floodwater was stored here for is unknown but the ice-dammed lake’s role is crucial in exploring 
the next section of flood pathway, where dominant glacial controls give way to topographic 
influences on the flood route as steeply-incised canyons act as conduits to the sandur plain. 
 
4.3 Tenth Century flood pathways: Ice-lateral canyons 
Evidence for Tenth Century floodwater having washed Jökulsárgil and Þurragil canyons (Figure 
4.15) has been collected as follows: Firstly, Sólheimajökull’s terminus position in the Tenth 
Century has been reconstructed from the moraine and tephrostratigraphic record (Dugmore 1987, 
1989) which confirms that both canyons were ice-free at the time of the Tenth Century. 
Sólheimajökull’s western margin lay on the bedrock spur immediately east of Jökulsárgil (Figure 
4.15) on a high ridge trending parallel with the canyon, indicating this was a newly-exposed ice-
marginal channel, likely being rapidly incised by Tenth Century meltwater.  
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 Field work has therefore been directed to these two western canyons specifically as 
they are ideally situated for carrying Tenth Century meltwater. The canyons were mapped as 
flood routes, the results of which are shown on the Interactive Canyons and Sandur Map (ICSM). 
The slides support description of specific localities which pinpoint Tenth Century flood 
evidence, as discussed in the text. 
As noted in Section 2.5 the county boundary set in ~ 965 AD is of key importance in 
understanding which ice-lateral routeways were active at the time of the Tenth Century. The 
county boundary at the time is recorded to have followed the original course of the Jökulsá river. 
Sigurðsson (2010) describes the river to have been forced “by the advanced glacier” to flow 
down “Jökulsárgil” (translating to glacial river gully) where the county boundary remained into 
the Twentieth Century: the black dashed line in Figure 4.15.  
            Although Sigurðsson (2010) does not specify which “Jökulsárgil” the river was forced to 
flow down, it is assumed that the two “Jökulsárgils” (arrowed in Figure 4.15) are, or were, the 
same valley, originally named as occupied by the same river, Jökulsá. At the time of the Tenth 
Century, it is much easier to view the canyons as one continuous valley, with Litlafjall as a spur 
overhanging the river channel, with Sólheimajökull’s western ice wall blocking the river from 
flowing directly south.   
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Figure 4.15: Tenth Century ice limits at Sólheimajökull (light blue). The solid sections of the line 
are known Tenth Century limits/moraines, the dashed sections are inferred. The two “Jökulsárgil 
s” are arrowed. NB the county boundary line (black dashed) lying immediately west of the Tenth 
Century glacier (Landmælingar Islands 1988. 1:50,000).  
 
 Today, as shown in Figure 4.15, the Jökulsá flows along a different course much further 
east, south from the glacier snout, having shifted around the year 1690 (Magnusson, 1955). 
Jökulsárgil  (to the south) therefore has now been left redundant as a meltwater channel, and 
presently only carries small amounts of fluvial run-off, rather than the potentially greater 
quantities of glacial meltwater (or floodwater) it might have channelled in the Tenth Century.  
 Sólheimajökull’s Tenth Century limit would have rested against the easterly ridge in 
Figure 4.16. Jökulsárgil gully displays evidence of relatively rapid, although short-lived incision 
by meltwater, rather than prolonged meltwater drainage. There are no smoothed or washed 
bedrock ridges, only multiple coalescing rock fans. The vast quantity of loose sediment in this 
gully is important as a flood of force likely excavated this material or under-cut the slope 
promoting multiple subsequent rock-falls, which have not been completely washed away since. 
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Figure 4.16: Jökulsárgil canyon (facing north). Present-day Sólheimajökull terminus in 
background (M. Kirkbride, 2007). 
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Historic records reveal that the county boundary followed the river (Tenth Century county 
boundaries would have aligned with major geographical features) and as the river followed the 
lateral glacier margin, it can therefore be supposed that they are one and the same thing.  
 The historical evidence is in itself insufficient by which to base the exact location of the 
Tenth Century glacier. However, when considering Dugmore’s (1987) Tenth Century limits of 
Sólheimajökull (which lie along Hestapingsháls in Figure 4.15) its proximity to the county 
boundary cannot be ignored. Both pieces of evidence, historical (anecdotal) and 
tephrostratigraphic taken together, support each other. It can be inferred with confidence then 
that the Tenth Century limit lay along the solid blue line in Figure 4.15. When this line is 
extended to the south to the Tenth Century moraine on Sólheimasandur, a likely location for a 
Tenth Century glacial terminus is provided. Coupled with the location of the Tenth Century 
moraines up on the western upland plateau, valuable insights are gained into where ice-covered 
and (perhaps more importantly) ice-free routes lay for potential flood water at the time. 
 One key feature supporting this western flood route is the Hofsá meander channel, 
which cuts (and therefore post-dates) the Sixth Century Skógarsandur, evidence of a later, high 
magnitude flood. The meander channel emerges from Þurragil valley (Figure 4.15) so floodwater 
must have found a way through from Sólheimajökull. Therefore it is certain that both Jökulsárgil, 
and Þurragil were carved by powerful floods at some time between the Sixth and Tenth 
centuries. Post Tenth-Century, as the glacier retreated, both flood channels would have been left 
redundant. This will be discussed later in more detail. 
  In conclusion, by the Tenth Century, Sólheimajökull’s position along Hestapingsháls 
had retreated sufficiently to allow a western flood route to open up to the canyons, Jökulsárgil 
and Þurragil. It is likely any floodwater emerging from a lateral outlet on the west flank of the 
glacier, took this path of least resistance (the glacier filling most of the main valley floor at the 
time, as seen in Figure 4.15). This confirms the possibility that Jökulsárgil  (in its entirety) was a 
potential route for a Tenth Century flood and it is likely that should a flood have flowed down 
this gully, it would have naturally followed the Tenth Century course of the Jökulsá, greatly 
expanding its channel width and depth in any high magnitude event. Floodwater will have easily 
scoured the soft palagonite canyons of Jökulsárgil (and Þurragil) to the west of Sólheimajökull. 
These results aim to record its passage and show whether or not excavated canyon material from 
Jökulsárgil was then deposited as the large Palagonite Terrace on the sandur plain south of the 
valley. 
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4.3.1 Jökulsárgil canyon: sedimentary and geomorphic evidence 
The southern entrance to Jökulsárgil is heavily eroded. Large palagonite boulders litter the floor 
of the canyon, and its walls are heavily weathered, and un-vegetated (Figure 4.17). There is a 
large area of hummocky terrain in the canyon floor, composed of large boulders of a similar size 
(averaging 0.8-1.0 m long axis). The hummocky deposit is on the inside of a channel meander 
bend, the present river running alongside it. It does not appear to be a slope-fall deposit or rock 
avalanche as it sits in the centre of the canyon floor, and not at the base of a slope (Figure 4.17).  
 
                                          
 
 
 
 
 
 
 
 
 
 
Figure 4.17: Hummocky terrain in the entrance to Jökulsárgil canyon.  Figure for scale arrowed 
(N. Booth, 2008). 
 
A grassy, flat-topped promontory, suspended ~15 m above the present floor of Jökulsárgil 
canyon revealed an important tephrostratigraphy (Figure 4.18). There were other similar features 
to the south of this promontory in Jökulsárgil, although slightly smaller. They protruded from the 
canyon walls and were several metres above the present canyon floor. However, these smaller 
features did not produce soil pits exceeding 0.5 m and profiles had become severely distorted by 
slope wash. Therefore the results gained from the so-called “18th Tee” due to its flat-topped 
nature, were unable to be corroborated by other, similar promontories.  
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Figure 4.18: Jökulsárgil gorge and relic canyon floor promontory, nicknamed “18th Tee” (arrowed). 
Photo looking SE. NB. in the background, the “washed” flood banks of Sólheimasandur, draped 
with palagonite boulders, potentially over-spilled by a Tenth Century flood (L. Booth, 2007). 
 
The feature had variable soil depths on top of the spur. However, one 136 cm soil log was 
recorded, with a coarse-grained, gritty black basal tephra containing clasts. This has been dated 
from its position within the stratigraphic sequence as a Tenth Century tephra (likely Katla 920) 
as seen in Figure 4.19, which would identify the feature as a remnant piece of Tenth Century 
canyon floor. 
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Figure 4.19: Canyon promontory or “18th Tee” soil profile, Jökulsárgil, 2008. The inset image of the 
profile can be seen in more detail in Slide 7, ICSM. Key Fig 3.7. 
 
This profile was complex to record due to the numerous, evenly-spaced black tephra layers. The 
14th Century triplet was readily identified due to its distinctive H 1341 layer but some of the 
other layers were less distinct. The profile colour changes markedly from brown soil at the top to 
grey/ dark grey near the base. The gritty texture and presence of clasts towards the base of the 
profile indicates a water-lain deposit. The tephra traces circled in green may represent re-worked 
tephra which has become dislocated from its original tephra horizon, due to slopewash, slump or 
flood activity. The increasing concentration of clasts and gritty textures at the base of the profile, 
tends to suggest the latter is more likely. As the basal tephra is identified as Tenth Century, and 
appears to contain a water-lain (or flood) deposit, another possible location for passage of Tenth 
Century flood water is found here. Unfortunately due to the sparseness of soil on the 
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promontory, another soil pit of equal depth was unable to be dug, which might have corroborated 
the findings.  
The valley-in-valley profile of Jökulsárgil, particularly at the site of the “18th Tee” is important 
in unravelling the canyon’s geomorphic evolution. The basal tephra at the 18th Tee dates this 
feature as remnant Tenth Century canyon floor, which would have extended across the canyon at 
the time of the flood. The preserved 18th Tee stratigraphy supports this. However, on the floor of 
the present-day canyon, no basal tephras prior to Katla 1918 have been found, as this is a much 
younger surface and has further incised since the Tenth Century incision/ flood (Figure 4.20).  
 Since the Tenth Century flood washed this canyon, excavating it to the depth of the 
canyon promontory surface (Figure 4.20), Little Ice Age meltwater streams will have travelled 
down it, eroding and redistributing any loose sediment dropped by the flood from the present 
valley floor. The basal incision itself may have been Tenth Century with stratigraphic evidence 
since washed away by subsequent fluvial erosion, including LIA meltwater channels. Both 
hypotheses are possible and can only be ruled out/confirmed by finding more profiles. 
 
Figure 4.20: View looking north at 18th Tee promontory in Jökulsárgil. Sketch to right of photo 
shows incision of canyon (L. Booth, 2007). 
 
Another smaller promontory was found to the south in Jökulsárgil, lower in height but similar in 
shape to the “18th Tee”. However, its stratigraphy yielded an inconclusive basal tephra deposit as 
slope slump had badly distorted the layers. Nothing below the Fourteenth Century triplet could 
be observed, and the triplet itself was patchy (i.e. disturbed). However the several promontories 
are noteworthy. 
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Figure 4.21: Photograph taken from 18th Tee promontory, looking south down Jökulsárgil. NB 
large boulders in canyon floor, and area of hummocky terrain to left of the stream (N. Booth, 2008). 
 
Table 4.5 lists the tephrostratigraphies taken as part of the canyon investigation. 
 
Table 4.5: Canyon tephrostratigraphies. 
Pit Location 
Basal 
Tephra Depth (cm) 
7.6.1 
W Canyons Þurragil 
spur H1300 87.5 
7.6.2 
Palagonite slope above 
canyon wall H1300 112 
7.6.3 W Canyons Landnám 217 
7.6.4 W Canyons Landnám 106 
17.6.1 
smaller canyon floor 
promontory Jökulsárgil  H1300 41 
17.6.2 
Canyon Promontory 
"18th Tee" 
K 920/ 
Landnám 136 
 
In summary, Jökulsárgil’s canyon floor holds little (or no) sediment within which a 
tephrostratigraphy can be established; with usually only the most recent tephras of K1918 and 
H1947 present.  Enclaves of preserved sediment are sometimes found on hill sides, spurs and 
remnant canyon floor promontories which may hold useful stratigraphies in dating Tenth 
Century flood deposits but these are rare. After searching Jökulsárgil for Tenth Century flood 
deposits, investigation of the adjacent canyon to the west, Þurragil, took place. 
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4.3.2 Þurragil canyon: sedimentary and geomorphic evidence 
 
Þurragil is another north-south trending canyon immediately to the west of Jökulsárgil. The two 
adjacent canyons are connected at their northern ends by an east-west lying channel beneath 
Þrassi’s cliff (star symbol, Figure 4.22). This channel linking the two valleys can be seen in more 
detail in Slide 12, ICSM. The Hofsá meander channel emerges from the southern end of Þurragil 
from which it has cut into the western edge of Skógarsandur. 
 
Figure 4.22: Map showing the location of Jökulsárgil canyon and Þurragil canyon (arrowed). 
Localities discussed in the text are also shown. NB Hofsá meander channel at lower left of orange 
square. Þrassi’s Cliff marked with star symbol, beneath which lies the E-W Þrassi’s cliff channel 
(Landmælingar Islands map 1988. 1:50,000).  
 
Soil profiles 7/6/1 (locality b in Figure 4.22), 7/6/2 (c), 7/6/3 (d) and 7/6/4 (e) were all dug on the 
spur between the two canyons. Their results are shown in Figure 4.23. Basal tephras of each pit 
were Hekla 1300, Hekla 1300, Landnám and Landnám, respectively. Profile 7/6/1 was dug on a 
slightly-inclined (15˚), heath covered slope set back ~0.5 m from the canyon edge. The profile 
has a basal layer of fine, unsorted palagonite gravels, with clasts (< 0.5 cm) displaying crude 
bedding. Elongated lenses (<30 cm x 5 cm thick) of tephra-rich sediment (interpreted as Katla 
920) lie on a bedrock base. The lenses of tephra-rich sediment at the base of this profile represent 
the waning (or diminishing) stages of a Tenth Century flood deposit.  
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Figure 4.23: Soil profiles 7/6/1-7/6/4. Profiles taken from spur between Jökulsárgil and Þurragil canyons. 
Flood deposits circled in blue. Key, Figure 3.7. 
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Soil profile 7/6/2 (c) is part of a soil patch on an eroding palagonite slope above the canyon wall, 
approximately 150 m to the south of profile 7/6/1 (b) (Figure 4.22). Profiles 7/6/3 (d) and 7/6/4 
(e) have a basal tephra of Landnám and lack the flood deposits seen in 7/6/1 and 7/6/2 (as 
gravelly sediments). Both 7/6/3 and 7/6/4 therefore sit above the height of Tenth Century 
floodwater. The presence of Landnám in both profiles rules out disturbance by Tenth Century 
flood passage: if they had been washed by floodwater, underlying sediment (including Landnám) 
would be lost (similar to Profile 10/6/1).  
In summary, Figure 4.22 shows localities b and c to have been inundated during a Tenth 
Century flood, but sites d and e were above the height of flood water. Collectively these profiles 
can distinguish the upper level of the flood. The localities sit at the approximate heights of: b: 
110 m, c: 130 m, d: 180 m and e: 170 m. This suggests that the height of a Tenth Century flood 
rests somewhere between 130-170 m as it flowed down Jökulsárgil canyon.  
As it left the canyon, towards locality a, Figure 4.22, the flood’s height would have 
dropped dramatically with a sudden decrease in hydraulic radius as it met the sandur plain. A 
small pit dug at locality a showed what might have been the feathered edge of a Tenth Century 
flood. Below the Fourteenth Century triplet, a dark tephra (K920/ Landnám) was observed, along 
with gritty clasts amongst the bedrock. A complete log was unable to be taken as the tephra layer 
crops out as an eroding, shallow scarp. This might, however, have been the edge of the flood 
which had just washed the canyon, spilling over the low relief at locality a. 
 After an exceptionally high hydraulic radius within the canyon, as the floodwater was 
forced through the narrow passage; the erosive energy would have dropped exponentially as the 
flood was released onto the unconfined sandur. It is the high hydraulic radius and associated 
erosive capabilities, and of course the scoured appearance of the canyon which identify 
Jökulsárgil as the likely source of palagonite which was deposited as the Palagonite Terrace on 
Sólheimasandur. No other canyon could have provided this amount of debris. Þurragil would 
have sent palagonite west down the Hofsá meander and the canyons to the east of Sólheimajökull 
would have formed palagonite fans much further east than the one this research focuses on.  
Profile 7/6/1 implies that the K920 AD eruption was contemporaneous with a flood, 
which flowed along Jökulsárgil. This not only identifies the canyon as the route of a major flood, 
but offers a date of Tenth Century. This profile is therefore of equal significance as Profile 
10/6/1 on the western upland plateau in determining passage of a Tenth Century flood.  
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It confirms K920 as the trigger eruption for the flood at this location, which was an uncertainty 
previously in Profile 10/6/1 (western upland plateau), which was unable to distinguish 
completely between K920 and E935 as flood-generating eruptions. 
Whilst mapping the canyon spur, a route down to the canyon floor was found opposite 
Þrassi’s cliff (marked with a star symbol in Figure 4.22) and a north-south route was taken down 
Þurragil canyon. Figure 4.24 a-c shows the gorge scenery created by passage of meltwater. 
 
 
 
 
 
 
 
 
 
 
 
 
a                                                                         b                                       c 
Figure 4.24 a-c: Examples of gorge scenery in Þurragil canyon. North-south (L. Booth, 2007). 
 
Following the connecting channel at the northern end between Þurragil and Jökulsárgil via 
Þrassi’s cliff, evidence was found of a complete route that floodwater could have flowed down 
directly from the Tenth Century glacier’s western margin, to Jökulsárgil and on to Þurragil 
(Figure 4.22). The so-called Þrassi’s cliff channel is now occupied mainly by standing water in 
elongated pools or ribbon lakes (Figure 4.25 a-b).  
        
a)                                                                                        b) 
Figure 4.25: Þrassi’s cliff channel. a) Looking north towards Sólheimajökull (arrowed). Figure for 
scale. b) Taken from camera symbol in a) (L. Booth, 2008). 
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4.3.3 Eastern canyons and eastern palagonite fan 
 
There are only small fragments remaining of the small eastern palagonite fan (seen in Figure 
1.27) identified by Maizels (1989a), also seen in Figure 2.30. Few palagonite clasts were found 
during fieldwork in 2007 and 2008. Several small clasts were found in the location of the 
palagonite fan but not to the extent of the Main Palagonite Terrace on Sólheimasandur. It is 
possible that the eastern canyons, i.e. Hólsárgil and Yztagil, carried Tenth Century floodwater, 
although unlikely with the same erosive force as the western canyons. The shape of the eastern 
canyons themselves, particularly their upper reaches is primary evidence for this. Their valley 
shapes are broader than the western canyons with vegetated, gentle valley sides (Figure 4.27). 
The erosive incision of Jökulsárgil , to the west, with its craggy, scoured canyon walls and many 
debris fans is not seen to the same extent on the glacier’s east side.  
 Yztagil can be ruled out as a pathway for Tenth Century flood water. Dugmore (1987) 
states that no major floods are likely to have flowed down Yztagil since Landnám, based on his 
tephrostratigraphy 84 (Figure 4.26a).  
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                   a)                                                          b) 
 
 
 
 
 
Figure 4.26: Dugmore’s (1987) Tephrostratigraphies. a) Profile 84 (Sheet XI). Selheiði. b) Profile 
145 (Sheet XIII). Sólheimanes. NB layer V900 now known as V871±2. 
V900 
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No flood deposits were identified above the V900 (re-dated as V871±2) ash layer and the lack of 
erosional unconformities verifies this as a complete stratigraphy and therefore a reliable 
interpretation. The profile was taken only a few metres above the present valley floor, meaning it 
was in prime location to have recorded a flood deposit, if there had been one. 
However, according to Dugmore’s (1987) Profile 145 (Figure 4.26b, located in Appendix 
8), Hólsárgil did carry Tenth Century flood waters. Profile 145 reveals a 90 cm thick jökulhlaup 
deposit (identified as “crudely bedded and poorly sorted pumice gravels”) lying just above the 
Landnám V900 (V871±2) ash layer (circled in blue, (Figure 4.26b). As the flood deposit is 
overlain by the distinctive 14th Century triplet (Hekla 1300, Hekla 1341 and Katla 1357), 
Dugmore (1987) confirms that this profile “contains definite stratigraphic evidence of a 
catastrophic flood in the earliest part of the historical record that washed into the home fields of 
Loðmund’s farmstead, and rose to within a few metres of the building itself”. Essentially this is 
another parallel between the historical records (Landnámabók) and the tephrostratigraphic 
evidence and leaves little doubt as to Hólsárgil acting as a conduit for a powerful Tenth Century 
flood. 
 The reason why Hólsárgil channeled Tenth Century flood water, and the adjacent Yztagil 
did not, is due to topographical differences between the two canyons and their connection with 
Sólheimajökull. Yztagil’s upper reaches originate on the Eystriheiði plateau whereas Hólsárgil’s 
upper reaches extend east of Hrossatunga directly into Sólheimajökull’s valley, connecting at the 
glacier’s mid-lateral eastern flank (Appendix 1a). This provides access to the main glacial 
drainage route, and is an area of weakness as the glacier dog-legs to the west at this location. At 
the canyon head there is a col of approximately 300 m height, a level at which floodwater would 
have had to reach in order to flow down Hólsárgil. As Dugmore (1987) comments, this means 
that Hólsárgil is still a potential flood routeway today.  
The glacial fluctuations of Sólheimajökull’s terminus on the western flank are critical for 
determining the western canyons’ lifespan as flood conduits; once glacial retreat reached the area 
at Votagjá, the canyons were left redundant, or at the least, secondary to the main glacial valley. 
On the east side of the glacier, however, until a significant retreat of the glacier abandons the 
junction with Hólsárgil, it remains a likely flood route.  
Therefore spatial inconsistencies exist between deposits from the same flood, in different 
canyons. The effects of the Tenth Century flood in Jökulsárgil’s profile are evident, completely 
re-modifying the cross-sectional profile of the valley, leaving just a remnant of canyon floor that 
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would have existed prior to the flood. The eastern canyons, however, would have acted more as 
conduits, potentially re-distributing flood water, rather than being re-shaped (or carved) by them 
to the same degree as the western canyons. This is reflected by lower flood discharges on the east 
side of the glacier, (reflected in the sizes of the depositional fans), suggesting that these routes 
were also short-lived, over-spill routes perhaps occupied only at the height of the flood.  
The lesser amounts of palagonite in front of Sólheimajökull’s eastern canyons reveals the 
key role a flood route plays on its deposit. Hólsárgil, for example is likely to have channeled 
fluidal, pumice-laden floodwater direct from the glacial system, particularly as the canyon joins 
the glacier in its mid-reaches. The eastern canyons’ upper reaches tend to be more subdued 
(Figure 4.27) than those of the western canyons, such as Jökulsárgil (Figure 4.16). Coalescing 
alluvial fans are not seen here, or scoured rock walls, but rather a broad, gently-sloping profile. 
This lack of incision suggests these canyons carried lesser amounts of entrained material (or 
much finer-grained material) in a Tenth Century flood. This is not the result of a debris-type flow 
Jökulsárgil experienced, suggesting there were two different mechanisms at work wither side of 
the glacier. 
 
Figure 4.27: Northern reaches of Sólheimajökull’s eastern canyons (N. Booth, 2008). 
 
In determining the difference in flood mechanisms for what seems to be two separate pathways 
of essentially the same (Tenth Century) flood, attention needs to be directed to the deposits. As 
Section 4.4 explores, flood routes have a determining control over flood deposits. Understanding 
these deposits is believed to be key to interpreting the different roles of the western and eastern 
canyons in channeling the Tenth Century flood, and why their deposits differ so greatly. 
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4.4 Tenth Century flood deposit: Sólheimasandur  
In confirming the occurrence of a large Tenth Century flood at Sólheimajökull, and to 
corroborate the anecdotal evidence recorded in Landnámabók, locating and analysing its deposit 
must take place. The major area for identifying depositional flood features at Sólheimajökull is 
the proglacial sandur. Flood terraces on Sólheimasandur reach up to 20-30 m in height (Figure 
4.28), consisting of horizontally bedded gravels, pumice and sand. The sediment is loosely 
consolidated in a clast-supported matrix and contains little or no moisture. Grain sizes can vary 
greatly between different layers but grading is seen within particular beds. Differential intrinsic 
strength of the layers causes some to protrude while other layers are more easily eroded. 
Generally, flood units are identified as thick, black homogenous pumice units, inter-bedded with 
poorly-sorted fluvial units containing various lithologies. 
 
Figure 4.28: Flood bank on Sólheimasandur showing differing composition of horizontal sediments 
and cross-cutting vertical dykes (L. Booth 2007, 1.2m spade for scale). 
 
As discussed in Chapter 2, the Tenth Century ice limit (Hólar deposit) on Sólheimasandur left a 
large moraine curving in a wide arc across the valley floor, its surface displaying features of 
floodwater modification. Its surface is strewn with large boulders (Figure 4.29) likely to have 
been deposited during high magnitude floods washing the moraine surface, including perhaps a 
Tenth Century flood. The flat moraine surface has been moulded by meltwater into smooth  
“whalebacks”; lumps of more resistant moraine streamlined into elongated ridges by floodwater, 
with steeper, eroded sides facing the on-coming flood, and gently sloping lee sides where the 
water was diverted round the obstacle, creating an elliptical mound (Slide 9, ICSM). 
PUMICE- RICH FLOOD 
INTERBEDDED FLUVIALS 
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Figure 4.29: Whalebacks (4-6 m high) and isolated large boulders on the Tenth Century moraine 
bank at Sólheimasandur. See Figure 4.30 for location (L. Booth, 2007). 
 
The large meander on the eastern edge of the Tenth Century moraine leaves a steep bank of 
unconsolidated gravels and tills. Its western edge has been tapered by flood waters as they have 
taken different directions over the surface creating channels in the topography (Figure 4.30). 
Figure 4.30: Panorama of the Tenth Century moraine (facing south). Large arcuate meander bend 
(~ 10 m in height) visible to left of picture. Boulder-strewn, washed moraine surface can be seen 
with secondary meltwater/flood channels carved into the sediment surface. Partially vegetated 
whalebacks in centre background (arrowed), as shown in Figure 4.29 (L. Booth, 2008). 
 
   South 
151 
 
 
The purposes of this research are not intended to re-map the geomorphology of Sólheimasandur 
(Figure 1.27) as Dugmore (1987) and Maizels (1989) previously identified the main geomorphic 
units and mapped them in detail (Section 2.6). These field observations focus instead on 
distinguishing Tenth Century flood evidence within the sandur geomorphic units, using 
sedimentary and geomorphic field observations to refine Maizels’ (1989a) sandur chronology, 
seen in Figure 2.30. 
 
4.4.1 Sedimentological overview  
Figure 4.31 gives a representative section of Sólheimasandur’s eastern flood banks and the 
features it contains, drawn from a collection of field notes and sketches. 
 Lenticular beds of pure pumice, containing no clasts/ lithic material are often 
truncated by cobble-slumps or pinched out by trough cross-beds of diamictons. Repetitive 
sequences of upwards-fining pumice were noted, on average each sequence is ~20-30 cm thick. 
Boulder or cobble lags draped over the pumice units are poorly-sorted; their contact with the 
pumice is sharp making the layers easily distinguishable. Interbedded fluvial layers are generally 
poorly-sorted, with large cobbles/pebbles in a matrix of angular, heterogeneous clasts with little 
or no cementation. Large (> 3m long axis) ice-dumped erratics, displaying glacial striations, 
indicate they were deposited by Sólheimajökull, and not by meltwater (Figure 4.31). Aeolian 
sediment caps most areas of the flood banks. In some areas, fine-grained pumice units contained 
narrow bands of tiny clasts (<0.5 cm), known as pebble stringers (on the mm-cm scale) laid 
horizontally.  
 Studying the units of the sandur plain is key to accurately identifying a Tenth Century 
flood deposit. Appendix 5 displays a panoramic view of Sólheimasandur eastern flood bank with 
three representative logged sedimentary sections taken along its length (Figures 4.32 a-c). One 
feature common to each of the sections is the repetitive, or cyclical inverse grading sequences. 
Layers alternate between coarse-fine, with frequent cobble lenses disturbing sequences, seen  
particularly in Profile A. Where a sequence is capped by a cobble layer (interpreted as a 
resuming of normal fluvial outwash) it marks the start of a new flood sequence giving an overall 
stacked flood sequence appearance to the sandur.  
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Figure 4.31: Representative sketch of eastern Sólheimasandur flood bank (L. Booth, 2007). 
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Figure 4.32  a) Profile A facies analysis, Sólheimasandur. See Appendix 5 for location.  
 
Figure 4.32  b) Profile B facies analysis, Sólheimasandur. See Appendix 5 for location. 
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Figure 4.32  c) Profile C facies analysis, Sólheimasandur. See Appendix 5 for location. 
 
4.4.2 Individual sedimentary features: a) Pumice unit 
There is one unit common to all of the three representative logged profiles, that of the fine-
coarse, dark pumice layer. No bedding as such is observed within this layer, and at first glance it 
appears as an unsorted deposit with no internal structures. There are, however, several locations 
where gentle upwards fining of the pumice was noted (Figure 4.33).  
 
Figure 4.33: Fluvial gravels capping the pumice unit on Sólheimasandur (L. Booth, 2007). 
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These pumice units are accepted as volcanogenic flood deposits (Maizels, 1989a, b). They are 
interpreted here as having emerged directly from the glacial system during a volcanically- 
triggered flood event as they contain few or no “contaminant” clasts. The pumice beds often 
exhibit a scoured base with the underlying unit and the contact is sharp. The pumice unit can be 
traced down-sandur several kilometres, still visible beneath the Palagonite Terrace (Appendix 6). 
 
Figure 4.34: Appendix 6. Pumice unit, Sólheimasandur. Each image is located on map. Green 
square marks western flood bank meander (section 4.4.2c). The Palagonite Terrace is marked P. 
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Large trough cross beds of pumice were seen (Figure 4.34f) within which fine horizontal laminae 
<2 mm in thickness were noted, as well as fine ripple marks. These indicate a water-lain deposit. 
Horizontally-laminated deposits indicate sheet flow, and infilling trough cross beds signify 
waning-stage sheet flows (Maizels, 1995). These deposits were later re-interpreted by Maizels 
(1992) as large-scale, migrating pumice dunes, with trough cross sets forming perpendicular to 
the flow direction (Figure 4.35a). Lying along the flow path of floods (creating large-scale 
trough beds) they signify the onset of the waning stage of the flood (Maizels, 1992).  
 
 
Figure 4.35a: Large-scale trough cross-stratification formed by migrating dunes (Maizels, 1995). 
 
Poorly sorted or crudely-defined cross beds (on the metre-scale) indicate pulses of a fast-flowing 
flood. Where cross-beds are well-defined (displaying internal grading) a more gentle, waning-
stage flood mechanism is interpreted. Some pumice units, however, are massive and unsorted 
(Figure 2.15b), characteristic of the grain flow deposits of a main flood surge where rapid 
deposition occurs in deep channels (Maizels, 1995). North of Highway 1, four samples were 
collected at 10 m intervals from this massive, hyperconcentrated pumice unit (Figure 4.35b) 
along a length of ~40 m in total and later underwent grain size analysis. 
 
Figure 4.35b: Collecting samples from pumice unit (arrowed) on Sólheimasandur (L. Booth, 2008). 
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Particle size percentages: Clay 
0.2%, Silt 1.8% Sand 98% 
Figure 4.36a: Grain Size Analysis: 
Sample 1, Pumice Unit  
Figure 4.36 (a-d) shows a general coarsening of the pumice granules down-sandur. Each of the 
Pumice unit sites (Figure 4.34) are south of the Tenth Century moraine. The glacial terminus 
would have been near the Hólar deposit (green square, Figure 4.34) and the pumice-rich flood 
would have flowed south from it. 
 
                     
 
  
 
 
 
                      
 
 
 
 
 
Figure 4.36 a-d: Pumice unit grain size analysis results: Sólheimasandur. Samples 1-4 run N-S. 
Particle size percentages:  
Clay 1%, Silt 7%, Sand 92% 
Figure 4.36b: Grain Size 
Analysis: Sample 2, Pumice Unit  
Particle size percentages:  
Clay 0.9%, Silt 6.1%, Sand 93% 
Figure 4.36c: Grain size analysis:  
Sample 3, Pumice Unit 
Particle size percentages:  
Clay 1.4% Silt 8.2%, Sand 90.4% 
Figure 4.36d: Grain size analysis:  
Sample 4, Pumice Unit 
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4.4.2 b) Vertical dykes 
Vertical dykes, 0.5-3 m in length, cross-cut some of the sandur units, (Figure 4.37a). They are  
< 20 cm wide, pipe-like features composed of silty, brown material. This material was collected 
for grain size analysis and the results are shown below in Figure 4.37c. 
 
a)   
 b)                            c)   
Figure 4.37: a) Vertical dyke, Sólheimasandur (arrowed); b) Section through dyke, c) Grain size 
analysis of the dyke: Particle size percentages- Clay 0.396%, Silt 19.8% and Sand 76.23%.  
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These features have been interpreted by Le Heron et al., (2005) as clastic dykes, caused by 
overburden pressure from an overlying, advancing ice mass, i.e. Sólheimajökull. However, on 
closer inspection, (Figure 4.37a), the structures extend from the base of the pumice unit, to the 
top of the flood bank, rising vertically initially, before leveling off towards the top of the profile. 
Instead of interpreting these pipe features as clastic dykes formed by glacial compaction (Le 
Heron et al., 2005), this research offers an alternative interpretation for these features: fluid/ air 
escape pipes, formed by rapid de-watering of a flood deposit which has been rapidly deposited, 
or dumped. Sketches made of the features during field work (Figure 4.32a) show the pipes 
extending up into the overlying flood deposit, either branching around large obstacles such as 
cobbles (Figure 4.31) or perhaps rising to brown silty lenses (or horizontal pipes). 
 The pipes’ gradient is steepest at the base of the deposit as contained air/ trapped 
fluids (i.e. water) in the debris flow would have been under greatest pressure here, seeking a way 
out. Moving up the pipes, their gradient lessens and towards the top of the pipes they level to 
near-horizontal. As the trapped fluid/air becomes less pressurised, under the decreasing weight of 
less material up-profile and therefore does not have the contained pressure/ force within it to 
erode vertically, it follows a gentler gradient to the top of the deposit.    
 Figure 4.37a also shows the structure of the pipes lower in the profile is more 
compact, with the pipe walls easily traced. Further up-profile, however, their edges become 
blurred, presumably as fluid/ air started to seep out under less confining pressure towards the 
sandur surface. The pipes are not horizontally bedded like the surrounding sandur units but 
exhibit a vertical foliation/ bedding along their length instead. The pipes are composed of a 
mixture of dark pumice (medium-coarse grained) with lighter-brown edges of finer-grained silt. 
The centre of the pipes hold small, rounded, reddish- grey clasts (<5 mm diameter). As water/ air 
escaped from the base of the deposit via the pipe, leaving a cavity in its wake, fine sediment will 
have in-filled these hollows, from the top of the profile as the sequence settled (Figure 4.38).   
 Also these features are only observed on the eastern flood banks, and are not found on 
the western banks. If dyke formation were of glacial origin, a uniform distribution across both 
sides of the proglacial floodplain would be expected. Instead, they appear to be unique to the 
flood deposit and therefore form a useful indicator for mapping the extent of flood deposit.  
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Figure 4.38: Interior of an escape pipe (vertical dyke). Note vertical foliation suggesting forcible 
emplacement. Pencil (13 cm long) points to top of profile (L. Booth, 2007). 
 
 Therefore if the pumice unit (and above) is proven to be a Tenth Century flood 
deposit, it would be impossible for these structures to be formed by ice overburden pressure as, 
from the Tenth Century onwards, Sólheimajökull lay further up-valley, north of the Hólar 
deposit, and has not re-advanced to this site since. Therefore, since their formation, there simply 
has not been an overlying ice mass. Whilst they are indeed mainly observed to the north of 
Highway 1, in the region where Sólheimajökull fluctuated during most of the Holocene, their 
greater concentration north of Highway 1 can maybe be attributed instead to the thicker flood 
deposit up-valley. As sediment entrained in a flood was progressively laid down on its way south 
to the sea, the thickest pumice deposits would have lain further north, containing more water/air 
escape pipes as de-watering would have been more effective in the thicker deposits.  
 In summary, the thick pumice unit is recorded as a flood deposit, from a significant 
volcanic eruption and high magnitude flood. Its vertical dykes help identify its rapid deposition 
(and de-watering) and its sedimentary structures provide clues to the flow characteristics. This 
research places this important unit within chronological context in Chapter 5. 
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4.4.2 c) Western flood bank meander 
Figure 4.39 shows locations of four samples taken from a vertical sedimentary profile of the 
large meander bend on Sólheimajökull’s western flood bank (seen previously in Figure 4.30, 
located in Figure 4.34). Appendix 7 displays grain size analysis results obtained from the 
samples. 
         
 
Figure 4.39: (Appendix 7) Sólheimasandur’s western flood bank, sedimentary profile and grain size 
analysis results. Red circle marks boulder as reference point. 
 
Table 4.6 relates the four samples to their location within the western flood bank (WFB) along 
with their grain size lab analysis reference. 
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Table 4.6: Sedimentary samples and grain size analysis results, Western flood bank. 
Appendix 7 Ref. Grain Size Analysis No. % Clay % Silt % Sand 
A (Top) LB073 0.26 1.86 97.88 
        B LB074 0.63 4.79 94.58 
        C LB075 0.79 7.13 92.08 
D (base) LB077 1.61 7.27 91.12 
 
In profiling the flood bank, the proportions of sand-sized particles decrease down-profile, whilst 
proportions of silt-sized particles steadily increase. This is most likely reflective of finer particles 
settling lower down, forming a silty matrix whereas the more buoyant larger particles were 
carried higher up. A very slight increase in clay proportions is also seen down-profile. This is 
indicative of an inversely graded sequence, as seen in Figure 4.32a.  
  
4.4.3 Summary 
The flood features identified on Sólheimasandur range in size from micrometres to a scale of 
several metres. Grain size analysis has identified subtle patterns and sequences which a hand lens 
could not. Some of the most valuable clues as to the type of flow which deposited a layer lies 
within cross-bed/ ripple marks on the mm scale, not easily visible with the naked eye. Other 
macro-structures, such as migrating pumice dunes can be followed for tens, or even hundreds of 
metres. 
 An appreciation is gained for the main sedimentary units of Sólheimasandur, and its 
major flood features. In particular, the Pumice unit (with its vertical dykes) and western flood 
bank are features which will be explored further with regards to their possible roles in dating a 
Tenth Century flood deposit. There is another major depositional feature on Sólheimasandur, 
however, to which this research now focuses. A detailed study of the large Palagonite Terrace 
lying to the north and south of the Highway on Sólheimasandur, particularly its relation to 
adjacent sandur units, such as the Pumice unit, will be carried out.   
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4.4.4 Palagonite Terrace  
The Palagonite Terrace (Figure 4.40a) is one of Sólheimasandur’s most notable features. Its light 
brown colour distinguishes it from normal, grey outwash gravels and from the black pumice 
flood units.  Its colour is due to its near-entire surface composition of palagonite debris. It is just 
under 2.5 km in length and displays a weathered, cobbled surface. Lying immediately east of the 
present Jökulsá river channel, the unit is a partially vegetated, homogenous, lithic-rich flood 
deposit. The brown palagonite layer rests on a heterogeneous mix of angular clasts (Figure 
4.40b), but its surface is almost entirely palagonite. 
  
a)                                                                                     b) 
Figure 4.40 a): Palagonite veneer of brown cobbles, Sólheimasandur. Its distinctive light brown 
colour is clearly visible. View from locality 1 (Figure 4.41) looking north.  
b): Typical palagonite cobble: well-rounded, slightly protruding from the sandur surface, pale 
brown colour and containing (darker) basalt fragments. Its roundness is distinct from the angular, 
smaller clasts surrounding it (L. Booth, 2008). 
 
In examining the feature, fieldwork was focused around answering several key questions: 
• What are the dimensions (size, shape and depth) of the terrace? Can its eastern and western 
edges be identified, along with locating a northerly extent (as a possible apex), and how far 
south can it be traced?  
• Is a gradient observed in the terrace surface, to what extent, and in which direction? 
• Does the deposit display sorting or grading?  
• Is its surface intact, or channeled/incised by subsequent floods?  
• Is it entirely composed of palagonite?  
• Can its age be established? Might it be associated with a Tenth Century flood event? 
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In answering these questions, three traverses were made in mapping the dimensions of the 
Palagonite Terrace (Figure 4.41): 
• A straight line down the “centre” of the terrace stopping at 14 localities to perform clast 
counts, sketches and soil depth measurements. North of Highway 1, these localities were 
spaced 100 m apart, as this is the densest concentration of palagonite cobbles, and 
presumably closer to the apex of the fan. South of the road, localities were spaced 200 m 
apart in order to cover the distance more effectively. 
• A southerly traverse along the terrace’s eastern edge, taking elevation measurements with 
a handheld GPS every 100 m. The edge of the terrace was fairly easy to trace as it rested 
against the base of a bluff over several metres high rising up onto Sólheimasandur’s Top 
Terrace. This “in-filling” is seen most clearly at the south-eastern end of the terrace as the 
Sólheimasandur bluff diverts the lower portion of the deposit slightly towards the west 
(locality 13-14, Figure 4.41). It does not appear to continue beneath either Skógarsandur 
or Sólheimasandur as the deposit thins out towards these surfaces, rather than being 
abruptly truncated. 
• A northerly traverse of the western edge of the terrace, i.e. the current river bank of the 
Jökulsá. GPS elevation measurements were taken every 100 m. 
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Figure 4.41: Map of the Palagonite Terrace.  
 
The results of the eastern and western traverse, showing surface elevation changes in the 
Palagonite Terrace are shown in Figure 4.42. The Palagonite Terrace displays a low N-S 
gradient, along its “central” axis, which inclines uphill slightly towards Jökulsárgil canyon to the 
166 
 
 
north. Towards the south the terrace surface gradually slopes downwards towards sea level. 
Concentrations of palagonite grades out gradually, rather than ending in an abrupt southern limit. 
(It was noted that the estuary mouth where the Jökulsá river meets the Atlantic has a cliff several 
metres high before dropping away to sea level). 
 
 
Figure 4.42: Palagonite Terrace elevation changes, recorded along its eastern and western edges 
(see Figure 4.41). 
 
 
A mix of other small clasts of varying lithologies (such as basalt) are found in small quantities 
amongst the palagonite but the cobble-sized veneer is near entirely made up of the same light 
brown palagonite debris.  
An area of larger palagonite boulders was identified immediately south of the road, 
(Figure 4.43). This area was termed the “boulder field” (locality 18, Figure 4.41). The presence 
of many large palagonite boulders, exceeding 1 m in height at this locality, points towards the 
scale of force required for a flood to be able to transport palagonite boulders of this size at least 
2-3 km from a source canyon. These were not ice-dumped as they lie too far south, well beyond 
contemporary ice limits. Slide 20, ICSM shows several of the larger boulders seen at locality 18. 
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Figure 4.43: Large (some partially vegetated) palagonite boulders, boulder field, Sólheimasandur.  
Spade 1.2m for scale (L. Booth, 2008). Facing east towards Pétursey, which used to be an offshore 
island until the sandur extended out to it cutting it off from the sea. 
 
The cobble layer rests on a brown “soil” of varying depths down-fan. This soil tends to be 
thicker in certain areas, particularly towards the apex of the fan (localities 1-7) and in the boulder 
field (locality 18). Down-fan, the colour of this soil, never exceeding a depth of ~30 cm changes 
from brown to black. Soils were not recorded at localities 13, 14, 15, 16 or 17 (Figure 4.44). 
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Figure 4.44: Changes in soil depth down the centre of the Palagonite Terrace. (Locality 18 is 
included to show its relatively thick soil when compared to other localities). See Figure 4.41 for 
locations. 
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Concentrations of palagonite along its surface appear uniform, as seen in the clast observations 
(the results of which are shown in Figure 4.45 a-d). However, clusters of palagonite are seen 
particularly towards the south of the fan (Slide 20, ICSM), and especially at locality 18. Features, 
such as broad channels can be seen further down-fan also, where more recent meltwater has 
flowed across its surface. However, despite these features the terrace surface is essentially un-
modified, resembling a pavement or cap of debris.  
 Clast observations recorded long axis, thickness and width of cobbles, and their 
angularity at each site. A slightly decreasing trend in clast size measurements occurs down-fan. 
Although concentrations of palagonite became gradually less down-fan, which was visible to 
see; the size and shape of the cobbles do not differ greatly, resulting in a relatively uniform 
deposit, when compared to other sandur units, most of which display some degree of grading or 
sorting. Locality 18 is the only anomaly to this trend, featuring many (>50) large boulders, as 
shown in Figure 4.41. Sites 15-18 are omitted from the clast observation results as they were 
recorded at the western edge of the terrace, rather than as part of the central N-S terrace traverse.  
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 Figure 4.45: Palagonite Terrace clast observations a) long axis, b) width c) thickness d) angularity. 
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The red dot in Figure 4.41 marks the location of a well-exposed bank section of the Jökulsá 
eastern flood bank, annotated in Figure 4.46. This was named the “Bridge Profile” due to its 
proximity to Highway 1’s bridge, lying approximately 30 m to the north. 
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Figure 4.46: Slide 18, ICSM. Bridge Profile, Sólheimasandur. Facing east (N. Booth, 2008). 
 
The Bridge Profile (Slide 18, ICSM) is an important cross section through the sedimentary 
sequence and contains many features offering clues to the evolution of the sandur and for 
identifying a Tenth Century flood deposit. The palagonite “cap” is evident in Figure 4.47, 
showing its relation to underlying sediment. It does not grade into underlying layers and its sharp 
contact can be traced for over 1000 m down-sandur. Although the contact is visible along the 
entire length of the Palagonite Terrace, the contact is seen most sharply 20-50 m south of the 
road.  
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Figure 4.47: Palagonite “cap” to the Bridge Profile. Note black pumice bed beneath figure. 
Highway 1 in background (L. Booth, 2008).  
 
Three samples were taken for grain size analysis from the photographed profile in Figure 4.48.  
The results are shown in Figures 4.49a-c. 
.  
Figure 4.48: Collecting samples from Bridge Profile, Sólheimasandur. Facing east (L. Booth, 2008). 
(Numbers (circled) relate to Figure 4.49). 
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Sample 3 was taken from a massive, homogenous, medium grained (median particle size 750 
µm) pure black pumice layer containing no clasts. The layer is 60 cm thick which rested on a 
layer of finely laminated grey-black pumice sand. There is a sharp contact above sample layer 3, 
upon which a matrix-supported cobble layer has incised the top of layer 3. There is no grading 
noted within this layer. Grain size analysis showed this was the finest layer of the three sampled, 
with the smallest particle size.  
 
 
Particle size percentages: Clay 1.6%, Silt 11.4%, Sand 87% 
Figure 4.49a: Grain size analysis: Sample 3. Bridge Profile 
 
 
Sample 4 was taken from a layer 55 cm thick, consisting of horizontally-laminated, grey-black 
pumice sand (median particle size ~750-1000 µm). It has an undulating contact with layer 5 
below (green arrow, Figure 4.50). Its grey colour is a noticeable change from the jet black layer 3 
above, with which it shared a distinct boundary (red arrow, Figure 4.50). It also contains very 
small clasts (Figure 4.50) and some trough cross bedding was observed. Grain size analysis of 
Sample 4 shows it was the most sorted layer of the three with 99% of the sample of sand particle 
size. This is a coarser layer than Layer 3 above. 
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Particle size percentages: Clay 0.1 %, Silt 0.6, Sand 99% 
Figure 4.49b: Grain size analysis: Sample 4. Bridge Profile  
 
Sample 5 is very coarse, light-grey pumice granules (median particle size 2000 µm). Trough 
cross bedding, along a 2-3 m section, was noted within this layer with occasional small, rounded 
pebble clasts. At the base of this layer a non-uniform layer of larger clasts (30-40 cm diameter) 
rested within the same fine, light grey matrix. Both the top and basal contact of layer 5 are 
undulating. The results from grain size analysis of Sample 5 show a greater range, or variation, 
of particle size in this layer, compared to Layers 3 and 4. 
 
Particle size percentages: Clay 1.2%, Silt 8.8%, Sand 90% 
Figure 4.49c: Grain size analysis: Sample 5. Bridge Profile 
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Figure 4.49d: Comparison between Samples 3 (yellow), 4 (blue) and 5 (orange) at the Bridge 
Profile. 
 
When compared to each other (Figure 4.49d), samples 3, 4 and 5 show a progressive coarsening, 
seen particularly in sample 4. Samples 3 and 5 are nearly identical in grain size distribution 
suggesting that they may be from the same deposit. The coarseness of Sample 4 may be 
indicative of a fresh or resurgent flood pulse (or resurgent volcanic activity), also seen by its 
rippled base, before giving way to the finer-grained pumice bed of layer 3 above. 
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Figure 4.50: Contact between layers 3, 4 and 5, Bridge Profile (arrowed). Layer 2 is 75 cm thick. 
 
Layers 3, 4 and 5 collectively form a flood unit very similar in texture and composition to the 
black pumice deposit on the opposite (western) bank of the Jökulsá, known as the Main Pumice 
Terrace (Figure 1.27). On the western bank the Main Pumice Terrace can be seen lying adjacent 
to the Palagonite Terrace. However, on the eastern bank, in plan view (Figure 1.27) the Main 
Pumice Terrace is not seen. This is because it is likely lying beneath the palagonite deposit, 
visible only in cross section at the Bridge Profile. The Palagonite Terrace overlies, and therefore 
post-dates the Main Pumice Terrace deposit, essentially burying it within the sequence.  
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4.5 Summary 
The main objective of this research (Section 1.7.1) is to link sources, pathways and deposits of 
floods at Sólheimajökull. Figure 4.51 summarises the basic differences between sandur deposits 
identified at Sólheimajökull, as a direct result of their various origins and pathways (see Figure 
1.32). This template can be used for initial interpretation of sandur deposits, based on their 
lithology and composition. It emphasises the dominant role the route taken by a flood, has to 
play on the nature of its deposit. Crucially, it is the high concentration of pumice that helps 
identify most of Katla’s volcanic jökulhlaup deposits (although this is not always the case, as 
shown in 1999, where pumice was not observed). As well as a flood’s origin or generation 
mechanism, it is the route or pathway that makes certain flood deposits unique (or identifiable) 
within the stratigraphic record. This one key determinant is what makes the Tenth Century flood 
so important in that its route played such a key role in likely depositing a terrace composed 
entirely of palagonite, a unique deposit within a repetitive sandur sequence. 
 
 
Figure 4.51: The role of various sources and routeways in producing differing sandur deposits, seen 
at Sólheimajökull. 
 
 
In summary, through collecting further field evidence of jökulhlaup geomorphology and 
sedimentary deposits and features; the model (Figure 4.51) has been expanded into a template for 
reconstructing past major floods, not just at Sólheimajökull, but for other glacio-volcanic regions 
where major jökulhlaup have occurred. The methods employed through this research can be 
applied essentially anywhere in reconstructing palaeo-jökulhlaup as they aim to gradually build a 
detailed picture of sandur evolution, providing accurate (and relative) dates for flood deposits.  
Chapter 5 will continue to discuss the link between different sandur deposits with their source 
and routes using Figure 4.51 to identify a Tenth Century flood sequence. 
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Chapter 5: Discussion 
In completion of objectives set out in Sections 1.1 and 1.7.1, contemporary field evidence was 
collected enabling reconstruction of the last major sediment-producing jökulhlaup to occur at 
Sólheimasandur, in the Tenth Century AD. Not only was this flood of high-magnitude, 
warranting record in the Icelanders’ Book of Settlements (Appendix 11); it permanently re-
modified sandur topography, and that of surrounding canyons which had lasting impacts on 
subsequent ice-marginal drainage routes at the site. Its direct impacts are still visible today, 
emphasising its significance in terms of geomorphic legacy.  
As well as being a predominantly erosive flood, capable of carving large quantities of 
palagonite from canyon walls and floors, it was also an important depositional event, in that its 
deposits are still a distinguishing feature visible on Sólheimasandur. This discussion assesses the 
quality of field data collected in reconstructing a Tenth Century flood at Sólheimajökull. It 
defines the route taken by the flood, by drawing together field results and identifies a potential 
trigger mechanism for the flood. A chronology for the flood life cycle is offered, which sets out 
key stages in unravelling this event in Sólheimasandur’s history. This chronology forms the basis 
for dynamically modelling the Tenth Century flood in Chapter 7. 
 
5.1 Tenth Century flood trigger: Volcanic eruption 
Of the possible flood-generating volcanic eruptions during the Tenth Century, and at 
Sólheimajökull’s location, there are two possibilities: Katla 920 AD (thought to be coincident 
with an Eyjafjallajökull eruption) and Eldgjá 934/5 AD. In Figure 1.7 Larsen (2000) identifies 
Sólheimajökull as the routeway for floods in the Eighth, Ninth and Tenth Centuries. However, 
the Tenth Century flood she identifies at the glacier is the Eldgjá 934/5 flood. The main eruption 
site of Eldgjá 934/5 was further north-east along the Eldgjá rift and it produced the largest flood 
basalt eruption in historical times. It is not clear whether a jökulhlaup was triggered within the 
Katla caldera itself, whereby Sólheimajökull provided the drainage route. Larsen (2010) explains 
that during Eldgjá’s Tenth Century eruption, jökulhlaup emerged from several of Katla’s outlet 
glaciers along the southern and eastern rims of the ice cap. This eruption cannot therefore be 
ruled out as the potential trigger for a major flood at this time at Sólheimajökull. Two closely-
timed eruptions, producing meltwater, could have had a combined effect on deepening an ice-
dammed lake, and expanding drainage networks surrounding the glacier over a relatively short 
period of time. 
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Figure 1.29, however, acknowledges the possibility of either the K920 or E934/5 
eruptions as causes for the major flood recorded in Landnámabók. Larsen (2010) emphasises that 
the historical jökulhlaup onto Skógarsandur and Sólheimasandur (referred to in the Book of 
Settlement) will most likely have caused considerable environmental changes: “These floods 
created the Sólheimasandur plain” (Í Þeim vatnagangi varð Sólheimasandur).” It is possible 
therefore that Sólheimasandur itself was deposited only shortly before the Tenth Century flood. 
Katla’s 920 AD eruption, coincident (or closely timed) with an Eyjafjallajökull eruption, 
is important in this study due to the proximity of the two volcanoes to the field site. It does seem 
likely that a similarly timed Katla and Eyjafjallajökull eruption, c. 920 AD, would have had 
immediate impacts on this particular location. Eyjafjallajökull’s 920 AD eruption is thought to 
have taken place at the Skerin fissure ridge, to the north-west of the volcano (Óskarsson, 2009). 
Any simultaneous (or subsequent) eruption between the two neighbouring volcanoes, places 
Sólheimajökull and its surrounding canyons as a possible flood drainage path. 
The three profiles 10/6/1a-c (Appendix 9), each contain a Tenth Century flood deposit 
and Tenth Century tephras, indicating a significant flood occurred at Sólheimajökull during a 
volcanic eruption. The rip-up clast which splits the K920/ E935 AD tephra in Figure 4.10 (and 
Appendix 9) is evidence to suggest that, whilst tephra was still falling (and later compacted into 
the soil profile), floodwater was disturbing the profile (or tephra layer) at the same time, 
confirming a simultaneous volcanic eruption, and flood. The fact that the K920/ E935 AD tephra 
is immediately above and below the rip-up clast enables dating (as Tenth Century), as it is 
essentially wrapped within a marker tephra horizon. There remains a degree of uncertainty in the 
precise dating between the tephra deposit and subsequent truncation of a water-lain deposit. 
The undisturbed post-Tenth Century sequence (in 10/6/1b & c) corroborates the 
reliability of this profile, ruling out slope wash or slumping that may have otherwise distorted the 
layers. This therefore gives a fixed topographical point where Tenth Century floodwater is 
known to have passed (seen in Figure 4.6). This fits with the location of the Tenth Century 
moraines (also shown in Figure 4.6) with floodwater flowing parallel to what would have been 
the glacial limit at the time. Therefore an exact location that floodwater emerged from the glacier 
is identified, before progressing west across Hvítmaga towards Jökulsárgil via the spillway 
network on the upland plateau (seen in Figure 4.7). 
Soil profile 7/6/1 (Figure 4.23) identifies a flood deposit within the Katla 920 AD tephra 
layer. It is therefore suggested that this Tenth Century flood deposit was as a result of the Katla 
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920 AD eruption, which is not contradicted by Profile 10/6/1’s Tenth Century tephra (and flood 
deposit). This is not to rule out, however, that there may have been a further flood in 934/5 AD 
with the eruption of Eldgjá. 
In summary, there is evidence that a Tenth Century flood was ongoing during the 
eruption of Katla 920 AD and it can be supposed that it was caused by sudden release of 
meltwater, produced by the enormously high heat flux of the volcano, capable of melting vast 
quantities of ice rapidly (Section 1.3.2). From the Tenth Century glacial limits on the western 
upland plateau, the drainage network of spillways to upper-Jökulsárgil was already well- 
established, quickly transferring flood water to the adjacent canyon. The ice-dammed lake 
present at the time temporarily stored flood waters before releasing them in an ice dam breach, 
but how long for, is unknown. 
 
5.2 Tenth Century flood pathways  
Three major Tenth Century flood routes are identified at Sólheimajökull (Figure 5.1, Slide 25 
ICSM) each creating a different deposit. All three routes were originally carved by the action of 
meltwater, each periodically scoured by jökulhlaup throughout the Holocene.  
Flood terraces forming the coastal sandur plain ( adapted from Maizels 1989)
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Figure 5.1: Routes 1, 2 and 3 of the Tenth Century flood. Modified from Maizels (1989a). 
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5.2.1 Route 1: Eastern canyons and the Húsá Fan. 
On the glacier’s eastern edge is the Hólsá meltwater channel (Route 1, Figure 5.1) which was 
fed, not from the glacial terminus but several kilometres up-glacier along its eastern flank. 
Dugmore’s (1987) tephrostratigraphies and evidence from Landnámabók confirm this as a Tenth 
Century flood route. Flowing firstly along a glacial pathway, then down a deeply-incised canyon, 
floodwater from this route would have carried a mix of pumice and lithic fragments (P+L, Figure 
5.1). This mix of lithologies is seen in the eastern Hólsá and Húsá Fans, including the small 
palagonite fan fragment identified by Maizels (1989a).  
The reason this smaller palagonite fan is less readily-identified in the field is due to the 
mix of lithologies that would have been entrained in the flood, from the different canyon 
lithologies. As Figure 1.24 shows, Hólsárgil extends through intermediate and supraglacial basic 
and intermediate lavas as well as hyaloclastites and tuffaceous sediments. This will give a more 
varied fan composition than the distinctive, pure palagonite deposit as the Main Palagonite 
Terrace on Sólheimasandur, due to its entirely palagonite canyon pathway. It is possible that the 
Húsá Fan (or part of it) might be of Tenth Century age, a date which is not contradicted by the 
rather tenuous age of 2060 yr BP provided by Maizels (1989a) from radiocarbon dating of an 
isolated piece of wood. 
The eastern canyons were undoubtedly carved by meltwater from Sólheimajökull, in 
much the same way as the western canyons, throughout the early to mid Holocene. However, the 
smaller palagonite fan fragment identified by Maizels (1989a) and the less-incised upper profiles 
of eastern canyons like Huságil suggest floodwater emanating from the eastern side of the glacier 
might not have been routed as rapidly, or contained or channelled as forcefully when compared 
to channels to the west of the glacier. This suggests another factor perhaps contributed to the 
remarkable amount of incision seen in the lower western canyons; a separate factor which greatly 
increased the erosive power of the same Tenth Century flood sequence, but on the west side of 
the glacier only. One such explanation is augmentation of the flood on the west side of the 
glacier by ice-dammed lake drainage; a hypothesis which will be explored further in the 
following sections. 
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5.2.2 Route 2: Jökulsárgil and the Palagonite Terrace. 
Flood water flowing down Route 2 travelled a much greater distance down a freshly-exposed 
palagonite canyon than that of Route 1 or 3, thereby entraining a much larger quantity of 
palagonite. The Jökulsárgil route, which, unable to breach the Skógar Fan, instead flowed along 
its eastern edge, southwards to the sea (Route 2, Figure 5.1). 
Soil profiles 7/6/1-7/6/4 taken from the topographical spur between Þurragil and 
Jökulsárgil canyons, as well as pinpointing passage of Tenth Century flood water, also give an 
estimation of the flood height. Profiles 7/6/1-7/6/2 lay within the flood path but 7/6/3 and 7/6/4 
lay above it, shown by the lack of gritty tephra/ gravels within Profile 7/6/3 and 7/6/4 and the 
presence of Landnám.  
A further clue to determining flood height lies in the valley floor of Jökulsárgil. The 
remnant of canyon floor is indicative of the amount to which the canyon was excavated, leaving 
the resistant scarp of the “18th Tee” behind.  Rising over ~15m from the present canyon floor, 
flood water would have filled the base of Jökulsárgil, and to a large extent flowed up along the 
walls of the canyon to a height exceeding 30-40 m from what would have been the surface of the 
canyon floor remnant. This flood would have been funnelled by the narrow canyon, lowering in 
height only when it reached the open sandur.  
Further support to this interpretation of a significantly higher Tenth Century canyon 
floor, is seen in Slide 6, ICSM (Figure 5.2). It is accepted that Tenth Century floodwater washed 
the Tenth Century moraine (Hólar deposit) with palagonite boulders (seen in the background of 
Figure 5.2). It is possible that the flood carved a breach through the bedrock spur (circled in red, 
Figure 5.2) allowing it access to the top surface of the Tenth Century moraine. From the breach’s 
U- shaped profile, it is unlikely to have been a stream or river channel. Furthermore, it is unlikely 
to have been carved by ice, as evidence of ice-carving would be seen in the moraine surface 
beyond.  
It is therefore most likely to have been created by a forceful flood, breaking through what 
might have been a weakness in the rock, most likely during an exceptional event, i.e. a Tenth 
Century flood.  This gives a height in metres (similar to the canyon floor remnant) that the 
floodwater was able to forcibly erode to, approximately 15-20 m above the present canyon floor. 
Nowadays, it appears the flood water must have flowed uphill to break onto the moraine surface 
behind the spur. However, given the height of canyon floor remnant, this breach would have 
been level with (or only slightly raised) from the Tenth Century canyon floor. 
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Figure 5.2: View of the lower portion of Jökulsárgil canyon, showing the remnant Tenth Century 
canyon floor (tephrostratigraphy marked by spade icon). Red circle marks breach in bedrock spur. 
Dashed arrow shows direction of flood waters. Photograph: M. Kirkbride (2007). 
 
5.2.3 Route 3: Þurragil and the Hofsá Meander 
The Hofsá meander channel emerges directly from Þurragil canyon which is the primary 
evidence that a high magnitude flood (or floods) washed this canyon and carved this 20 m deep 
and 500 m wide trough (Dugmore, 1987).  It is likely that a flood, and not just seasonal 
meltwater, carved the channel mainly due to its large size and the erosive truncation of the 
Skógar Fan’s north-eastern edge, features which high volumes of water could only have 
achieved. The incision of the Skógar deposit also confirms that the flood channel was carved 
after deposition of the Skógar Fan (dated at 1,200 yrs BP, i.e. Ninth Century, by Maizels, 1989a). 
Dugmore (1987) states that the Hofsá trough “must have been cut by a flood, and it has 
been incised through the 1200 year old tephra deposit which forms the north-eastern part of the 
Skógar sandur”. Dugmore (1987) observes that there are no soils in the meander floor itself but 
Profile 171, taken from a channel which sits slightly above the meander (Figure 5.3, located in 
Appendix 8) contains 32 cm of loess soil which sits between the basal tephra, H1300, and the 
gravel base. Dugmore (1987) therefore states “this soil must have begun to accumulate from the 
earliest historical times, therefore dating the creation of the channel at within a few generations 
of Landnám”. This places the feature within a bracket between Ninth Century (Skógar Fan) and 
H1300 (seen in the highlighted section of Appendix 3).  
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The evidence provided by Dugmore (1987) therefore aligns with the interpretation that 
the Hofsá meander is of Tenth Century age. It is unlikely to have been formed much later as 
rapid ice retreat in the main Jökulsá valley will have taken place with the onset of the Medieval 
Warm Period from around 1000 yr BP (Appendix 3). As Sólheimajökull retreated in its valley to 
the east, these western canyons will have been left redundant as meltwater/ flood channels over 
time. This gives an approximate 200 year window between 1200 yr BP and 1000 yr BP for the 
feature to form and, when considering the major volcanic eruptions of K920, Ey920 and E934/5 
(around 1100 yrs BP), the likelihood of this feature being carved during a Tenth Century flood 
associated with one of these eruptions is high.   
 
Figure 5.3: Dugmore’s (1987) Profile 171 (see Appendix 8 for location). Circle marks accumulation 
period from basement gravels (i.e. channel floor to H1300). 
 
Despite showing signs of flood water passage with spectacular gorge scenery and flood-carved 
features, Þurragil does not contain the same degree of loose material as Jökulsárgil to the east; in 
fact there is very little “available” sediment. The high number of coalescing alluvial fans is not 
seen here, compared to the upper reaches of Jökulsárgil (Figure 4.16). Þurragil is incised to a 
greater depth than Jökulsárgil (Figure 5.4) by approximately 20-25 m. Its greater depth suggests 
that it was a meltwater channel for longer than Jökulsárgil. It has recovered in terms of 
vegetation cover to a greater extent suggesting more time may have elapsed since the last 
floodwater scoured it, perhaps for the last time in the Tenth Century. As Jökulsárgil was a Tenth 
Century flood route, shown by the “18th Tee” tephrostratigraphy, and that it was significantly 
incised during the Tenth Century flood, it will have become the primary drainage channel during 
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that event, thereby leaving Þurragil abandoned. Also, if sediment blocked the narrow Þrassi’s 
cliff channel west of Jökulsárgil, it would have ruled out Þurragil as a drainage route, perhaps 
initially promoting incision of Jökulsárgil.   
 
 
Figure 5.4: Cross sectional view of Þurragil and Jökulsárgil canyons, drawn west – east across mid-
canyons. Arrows signify the rivers Hofsá and Jökulsá. (Horizontal scale is 1km from West to East). 
 
 During the Tenth Century flood, it is likely that the large Hofsá meander was carved by the 
initial pulse of floodwater, i.e. a fluidal flood with a low yield strength. Palagonite debris is not 
seen to the west and it can be assumed that the canyon was already well-scoured of loose 
material when washed by the Tenth Century flood water. The initial flood wave is unlikely to 
have had the erosive capability to entrain much sediment (i.e. palagonite), due to the greater 
distance from the glacier, or there would be evidence of this washed against Skógarsandur or the 
opposite hill slope.  This rising flood wave would have been simultaneous with flood water 
flowing down Hólsárgil on the eastern side of the glacier. It was not until a later stage when a 
different type of flood washed down Jökulsárgil that significant scouring of palagonite is seen; 
presumably in a much more cohesive, debris-laden flood. The flood water leaving Þurragil was 
unable to reach to the Skógarsandur surface and was diverted westwards as the Hofsá meander. 
 
In summary, flood Route 2 is the most likely to have been able to entrain a sufficient 
supply of palagonite to have created the Palagonite Terrace (Figure 5.5). By essentially “joining 
the gaps” between known points where Tenth Century flood water passed (marked with a star in 
Figure 5.5), a complete Route 2 has been reconstructed, ending at the Palagonite Terrace on 
Sólheimasandur. As can be seen in Figure 5.5, the flood passed over the Hólar deposit and 
washed the moraines, potentially shaping the whalebacks seen in Figure 4.30.  
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Figure 5.5: Reconstruction of flood route 2: Jökulsárgil canyon as Palagonite Terrace source.   
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5.3 Tenth Century flood deposit: Palagonite Terrace 
Several important findings are derived from the Palagonite Terrace results (Section 4.4.4). 
Firstly, the event which emplaced the deposit was a high-magnitude flood. Maizels (1989a) 
estimates that the flood which deposited the terrace, (including boulders of up to 7 m in 
diameter) must have had peak flows of between 9.5 x 104 and 2.3 x 105 m3s-1. This is much 
higher than flows associated with deposition of both the Main Pumice Terrace and incision of the 
Hofsá meander channel into the Skógar pumice fan with estimated flows of 3.5 to 6.5 x 104 m3s-1 
and 3.0 to 4.3 x 104 m3s-1, respectively (Maizels, 1989a).  
Therefore the initial Tenth Century volcanic flood pulse which deposited the Main 
Pumice Terrace and incised the Hofsá meander was an order of magnitude less than the post- 
surge flood which deposited the palagonite layer. These estimated peak discharges are important 
in unravelling the Tenth Century flood sequence. They suggest that, in terms of magnitude, the 
palagonite-depositing flood event was exceptional (if not unique) within the chronology of 
Sólheimasandur and stimulate the search for an alternative explanation for the high discharges. 
Alongside being a flood with exceptionally high peak discharges, the flood which 
deposited the Palagonite Terrace was a single, discrete event. This is evident from the sharpness 
of the contact between the palagonite unit and the underlying heterogeneous mix of gravels 
(resembling normal glacial outwash). There is no grading between the palagonite layer and that 
of the gravel layer below at any point along its contact. Therefore the units are temporally 
distinct from each other, although to what extent cannot easily be ascertained (arrowed in Figure 
5.6).  
The sedimentary profile displays the complete palagonite-depositing flood cycle: from 
when it began, to when it ended. The sharp basal contact of the Palagonite Terrace therefore 
suggests a separate flood event from the underlying units. These results use detailed facies 
analysis in interpreting this sequence as the Tenth Century flood deposit; a pumice component 
(from initial Tenth Century volcanic flood), followed by a lithic (palagonite) component as 
Jökulsárgil was flooded. The next section explores this further. 
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Figure 5.6: Palagonite unit resting on the top of the Bridge Profile, Sólheimasandur. The sharply- 
defined contact with underlying gravels is arrowed (L. Booth, 2008). 
 
There are key differences between the Main Pumice Terrace and the Palagonite Terrace 
(Section 4.4.4). The deposits differ in composition, texture, clast size and colour. An 
interpretation is offered, therefore, of two completely different types of floods for emplacement 
of the two units. The Main Pumice Terrace flood is likely to have followed an entirely glacial 
route, having had no chance to entrain clasts of country rock, or palagonite in particular. Its 
sediment load (pumice) was derived directly from the eruption site and was carried 
uncontaminated through the glacial system. The overlying Palagonite Terrace flood, however, 
flowed from a source rich in palagonite, most likely a freshly-exposed ice-lateral canyon, 
perhaps as glacial floodwater was diverted from its original route as new drainage pathways 
evolved during a flood.  
The pumice deposit is likely to have been deposited in a highly fluid flow (hence ripple 
marks and cross bedding are seen in the deposited sediments). The individual pumice grains are 
well rounded which suggests that they were carried in suspension by a high-discharge flood. The 
palagonite deposit, however, resembles a much more matrix-rich, cohesive debris flow in that it 
is largely unsorted, and does not exhibit internal structures, like the fine grained pumice below 
The palagonite unit is consistent with Lithofacies Type G5 (Figure 5.7) as a massive, poorly-
sorted, non-graded deposit. It is interpreted as a single surge or post-surge event (Figure 5.7), 
consistent with observations that this unit was deposited in a single event, perhaps as a late (post-
surge) event within the Tenth Century flood sequence. 
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Figure 5.7: Simplified model linking flood flow conditions and flow characteristics to likely 
sedimentary structures of resulting deposits (Appendix 2 explanation of symbols) (Maizels, 1989b). 
 
In interpreting the Bridge Profile (Figure 4.46), parallels can be drawn with Maizels’ (1989a, b) 
observations on flow characteristics and how deposits’ sedimentary structures reflect these. 
Referring back to Figure 2.14 and 2.15, Maizels’ (1992) four-fold sedimentary sequence is key 
to understanding the order of deposition of the Bridge Profile. Figure 5.8 combines the 
theoretical flood facies model with field observations at the section site. Basal gravels are seen at 
the base of the flood unit (Maizels’ Layer Gm and Gic). The main central, massive pumice 
granule unit (GRm) is the largest layer in the Bridge Profile (light grey) and is followed by 
waning-stage trough cross-beds (seen in Figure 4.50). The overlying laminar black pumice 
(Layer 3) aligns with Maizels’ GRh and Sh layers of horizontally-bedded, finely-laminated 
pumice granules and pumice sands likely to have been emplaced during waning flow (Maizels, 
1989a).  
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Figure 5.8: Interpretation of Figure 4.46. Tenth Century Flood Deposit based on Maizels’ (1992) 
four-fold classification of flood deposits (inset taken from Figure 2.14). 
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In interpreting the Bridge Profile (Figure 4.46) as a complete Tenth Century flood sequence 
(from the basal pumice gravels upwards, including the post-surge palagonite deposit), the major 
differences between the pumice and palagonite units require further distinction, to explain how a 
complete flood unit spanning over 2 m in the sedimentary profile can include two completely 
different deposits. The main differences are summarised as follows: 
 
• Flood duration: The volcanic flood which deposited the pumice was longer-lasting. It 
built up a significant thickness of pumice (50 cm - 1 m (Appendix 10), whereas the 
palagonite layer is thin (10-30 cm), excluding boulders, suggesting a short-lived event.  
• Composition: The palagonite unit resembles a cohesive, sediment-laden debris surge, 
whereas the pumice flood was fluidal and carried its sediment in suspension. 
• Stratigraphic order: The palagonite was lain down after the pumice unit as it sits above 
it. This corroborates that the palagonite was deposited in a secondary (or post-surge) 
flood.  
• Source: Figure 4.51 shows that if a deposit is entirely of lithic fragments, like the 
Palagonite Terrace, a canyon source is likely. A palagonite canyon is the only probable 
location which floodwater could have picked up such a ready source of palagonite. The 
palagonite therefore came from Jökulsárgil, not from the “main” glacial system as the 
pumice would have done. The sloping of the Palagonite Terrace up-valley towards the 
mouth of Jökulsárgil canyon also provides conclusive evidence that it was derived from 
here.  
• Frequency: Whilst the volcanogenically-derived pumice units are repeated within 
Sólheimasandur’s sedimentary profile, the palagonite unit is relatively unique. 
Throughout the (visible) portion of Sólheimasandur’s sedimentary profile, no other 
palagonite layer is observed, in terms of similar size and volume that compares to the 
Palagonite Terrace. This infers that its trigger and mode of emplacement was probably a 
rare, if unique event. It also signifies the opening of new flood routes down palagonite 
canyons, which had previously been covered by ice, explaining the lack of previous 
palagonite layers in the sedimentary profile.  
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In identifying these major differences between two deposits within the Tenth Century flood 
sequence, consideration should be given to identifying separate sources, trigger mechanisms and 
routeways to explain the differences.  The pumice deposit is clearly volcanic. In understanding 
deposition of the palagonite layer, however, a different interpretation is required. One suggestion 
is catastrophic ice-dammed lake breach. This provides a realistic trigger for an instantaneous, 
high-magnitude flood. Water depths in Jökulsárgil could potentially have exceeded 200 m at the 
time, and the Tenth Century eruption(s) would further increase the lake level as floodwater 
drained west from Sólheimajökull, across the western upland plateau spillways. This will have 
put stress on the ice dam and, as the glacier was also receding, the ice dam may have weakened.  
When considering the most likely mechanism for ice dam breach, (Section 2.2.2), Tweed 
(1992) identifies ice dam flotation and overspill to be the only two feasible drainage mechanisms 
to occur at a contemporary (1990s) Sólheimajökull. The drainage mechanism favoured most 
likely in the 1990s by Tweed (1992) is ice-dam flotation as it is likely to occur before the point 
of overspill can be reached, again, based on 1990s conditions at the glacier. Volcanic activity (at 
this site), and cavitation due to basal sliding are deemed unlikely (Tweed, 1992). Similarly, the 
present possibility for the Glen mechanism to function as a means of drainage is ruled out, as a 
lake in Jökulsárgil would need to reach a depth of 200 m in order for the water pressure in the 
lake to exceed the strength of the retaining ice dam, therefore it is not considered by Tweed 
(1992) as a contemporary (1990s) or a future drainage mechanism.  
Depths of this nature are unlikely to ever occur at the glacier again, unless a significant 
readvance of the glacier were to occur. Tweed (1992) therefore rightly rules out the Glen 
mechanism as a potential future lake drainage mechanism at Sólheimajökull, but that 
interpretation is based on a contemporary (1990s) Sólheimajökull. For the purposes of past 
reconstruction however, such as the reconstruction of a Tenth Century flood specifically, the 
Glen mechanism does provide a possible drainage initiator. At the time of the Tenth Century, 
when ice thicknesses across the entrance to Jökulsárgil were significantly higher (~300m) when 
aligning with ice-contour estimates from Dugmore’s (1987) Tenth Century Hrossatungur 
moraines on the eastern side of the glacier, an ice-dammed lake of much greater depth will have 
been impounded, making this hypothesis worth further consideration.  
Overspill is also a possibility at the time of the Tenth Century, due to higher ice (and 
therefore lake) levels. The rock notch which cuts across Litlafjall towards Votagjá is the likely 
exit point (Figures 3.1, 3.2 and 4.12a show this). The drainage flow peaks from overspill events 
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however, tend to be lower and sustained for longer time periods than other forms of catastrophic 
drainage (Sugden & John, 1976). Therefore sustained drainage may not account for such rapid 
incision required to scour the palagonite walls of Jökulsárgil to the extent seen further 
downstream.  
In summary, for the purposes of this research, the Glen mechanism, overspill and ice dam 
flotation remain possible drainage initiators, given much greater ice thicknesses and a shallower 
canyon floor, at the time of the Tenth Century, meaning the overspill col was in easier reach of a 
Tenth Century lake surface than today. The necessity however to seek a rapidly rising high peak 
discharge flood, in order to excavate Jökulsárgil with such force and to deposit the Palagonite 
Terrace over 2 km to the south on Sólheimasandur, leans towards the Glen mechanism as 
perhaps a more favourable hypothesis, promoting a more instant lake drainage.  
How long the lake drainage process might have taken is unclear, although one certainty is 
that when the ice-dammed lake did drain, it flowed west, directly into the western canyons, and 
into the newly-exposed Jökulsárgil. This explains why palagonite is not found further west at the 
Hofsá meander. As soon as Jökulsárgil became available to channel floodwater, it essentially by-
passed Þurragil as the dominant, ice-lateral drainage route. Although the main discharge of 
Katla’s volcanogenic floods is often rapid, drainage can continue several days to weeks, whereas 
an ice dam burst would flood canyons (and sandur) instantaneously, most likely draining the ice 
dammed lake and scouring Jökulsárgil  in little more than a few hours. No other lithologies 
disturb the Palagonite Terrace surface, and there does not seem to be a distinction between old 
and fresh palagonite, i.e. the weathered appearance (as well as particle dimensions seen in the 
clast counts, Figure 4.45) of the cobbles is consistent down-fan. From this it can be inferred that 
there were not multiple pulses of palagonite flowing onto the sandur over a period of time, but 
rather one single, short- lived high magnitude flood, depositing the palagonite in one event. 
The boulder field (locality 18 on the Palagonite Terrace) was likely to have lain towards 
the area of fastest (or greatest) flow, capable of transporting the heaviest boulders. These 
boulders rest only on the surface of the terrace, and are not found within it, suggesting that they 
were carried on the surface of the flood. The dispersive stresses which increase as sediment 
concentration increases in a flood, would account for the larger clasts migrating to the surface of 
the flow. Surface boulders provide evidence of a debris-rich flow, rather than a fluidal flood. 
The high degree to which Jökulsárgil canyon was eroded during the flood suggests 
floodwater was debris-laden, at least by the time it exited the canyon. For palagonite to be 
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scoured from the bedrock walls of the canyons and entrained within the flow, a high yield 
strength would need to be reached, giving the flood the nature of a debris-flow, the properties of 
which are reflected in its deposit. Evidence of the high sediment concentration of the flood is in 
the size of depositional feature left behind, namely the 2.5 km long Palagonite Terrace. Any 
flood capable of carrying this amount of material must be cohesive, viscous with a high 
water:sediment ratio, capable of transporting large boulders, fragments of canyon wall and floor.   
The distance to which flood water carried the deposit from the canyon mouth onto the 
sandur again emphasises the cohesive nature to the flood, along with the speed it was travelling. 
The apex of the Palagonite Terrace marks the beginning of waning flow, which lies several 
kilometres down-sandur from the entrance to Jökulsárgil, travelling across unconfined sandur, 
where the fan would have rapidly spread outwards, decreasing in velocity exponentially. 
However, as it was a debris-flow, it would not have spread out like the fine-grained, pumice-
laden fluidal floods from the glacial system, forming well sorted, graded fans. Instead this was a 
sediment-rich, elongated deposit onto the broad underlying surface. It formed a long, thin shape, 
rather like the shape of the canyon it had just emerged from, as opposed to broad, sweeping fans 
like the pumice deposits below.  
Certain difficulties are encountered in explaining the intervening 60-70 cm thick gravel 
unit between the pumice and palagonite (Figure 4.46). The gravels may represent the resumption 
of normal outwash for several months, or even several years for the layer to accumulate. The 
other interpretation for this unit is ice-dammed lake drainage itself. In Section 1.6, Maizels 
(1994) identified post Little Ice Age ice-dammed lake drainage sediments, characterised by 
heterogeneous, clast-supported cobble-gravel sheets and river terraces. This is identical to the 
gravel layer within the Tenth Century stratigraphy (Bridge Profile). However, it is difficult to 
distinguish between normal fluvial outwash and ice-dammed lake deposits, whether they are of 
Little Ice Age or of Tenth Century age. Palagonite is a much more buoyant rock than the basalt 
cobbles typical of the fluvial lithologies; It would have risen to the top of a debris flow, however 
this does not explain the sharpness of contact and the homogeneous nature of the unit. The 
palagonite was deposited after these gravels, and they are unlikely to be related. 
In summary, a Tenth Century volcanic eruption initially triggered a pumice-rich flood, 
which flowed down the central glacial route, emerging at the terminus, near the Tenth Century 
moraine (Hólar deposit). It was later followed by a palagonite debris flow, also Tenth Century, 
emanating from Jökulsárgil canyon alone, which caps the sequence as the final flood stage. 
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5.3.1 Dating the Palagonite Terrace 
This research investigates the Palagonite Terrace deposit as potentially of Tenth Century age, for 
several reasons: firstly, its existing published ages are of tenuous validity.  Maizels (1989a) dated 
the feature at 2300 BP but this is by no means conclusive (Table 2.3). Maizels and Dugmore 
(1985) also suggested the feature may extend beneath Sólheimasandur, which will be 
investigated as it directly affects interpretation of the feature’s age.  
            So far, this research has collected tephrostratigraphic evidence of a Tenth Century flood 
on the western upland plateau, and in the palagonite canyon, Jökulsárgil , with attention now 
turning to the sandur plain to seek evidence for the expected flood deposit. In summary of field 
results, the Palagonite Terrace is identified here, as deposited by a lithic-rich, Tenth Century 
flood, flowing from a palagonite canyon (Jökulsárgil). It was a high-magnitude, stand-alone 
event, the last major flood to reshape Sólheimasandur topography. It was caused by catastrophic 
ice-dammed lake drainage, shortly following the Tenth Century volcanic jökulhlaup which 
accompanied the Katla 920 AD eruption.  
These results point towards a date for the feature not necessarily in alignment with 
previous dates offered in the literature. This research proposes that the Palagonite Terrace flood 
was the last major flood to occur at Sólheimasandur, due to its relatively intact deposit. The 
segments of terrace that do still exist, appear largely unmodified. Their edges can be traced 
easily and no other deposit overlies/ incises its surface. This is not to say the palagonite surface 
has not been “washed” by more recent meltwater (and floods), however. There are small 
channels and flute marks in its surface but not to the extent of the washed Skógarsandur to the 
west.  The unit is therefore predominantly undisturbed, and is likely to remain so as it now lies 
above the main (active) Jökulsá channel.  
This does not concur with Maizels & Dugmore (1985) who identified the Palagonite 
Terrace as a much older, exhumed surface, due mainly to its weathered appearance. Figure 5.9 
shows Maizels’ (1989b) interpretation of the Palagonite Terrace (deposit highlighted) and the 
diagram shows palagonite cobbles extending beneath Sólheimasandur’s Top Terrace (dashed 
line, Figure 5.9). 
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horf  
Figure 5.9: Schematic diagram illustrating main stratigraphic relationships of pre-Little Ice Age 
sandur deposits, Sólheimajökull. Palagonite deposit highlighted (modified after Maizels, 1989b).  
 
Maizels dates the terrace at 2300 yr BP. If the palagonite surface had been “exhumed”, 
geomorphic or sedimentary evidence would be expected to be seen of the flood which exhumed 
it. There is however, none. Looking at aerial photographs and by field observations, the 
Palagonite Terrace is identified as a much more recent feature than previously thought. It in-fills 
the depression west of Sólheimasandur, as its waning eastern edge washes up against the bluff of 
Sólheimasandur. The diminishing concentration of palagonite along this bluff suggests not 
forcible incision of the Sólheimasandur surface, or indeed of an exhumed surface, but rather that 
this was simply the edge of the flood which laid down the palagonite. It is possible that prior to 
the Tenth Century flood, Sólheimasandur’s bluff was a higher, more prominent scarp on the 
sandur surface. The Palagonite Terrace has potentially in-filled a 2 km section of sandur, which 
will have smoothed the bluff profile of Sólheimasandur relative to other sandur surfaces.  
The Palagonite Terrace was deposited after incising the Main Pumice Terrace, perhaps 
laid down in the same event, or perhaps a short time earlier. This also contradicts Maizels’ 
(1989a) sandur unit chronology (Figure 2.30) which dates the Palagonite Terrace as an earlier 
feature than the Main Pumice Terrace. There is no “cut and fill” sequence at the junction 
between the Main Pumice Terrace and the Palagonite Terrace on the western side of the Jökulsá 
(Figure 5.10) suggesting an erosive contact. Therefore they are simply in their stratigraphic 
order. 
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5.3.2 The Palagonite Terrace and its relative position to other sandur units 
In the intervening c. 1000 years since the Tenth Century flood, some of the palagonite deposit 
will inevitably have been lost. Shifts in the Jökulsá floodplain and periodic floods will have 
erased a sizeable portion of any Tenth Century deposit. In accurately identifying the original 
margins of the units, attention is turned to observations of the surrounding sandur surfaces as a 
means of bridging the gaps lost to erosion.  
If the Palagonite Terrace boundary is extrapolated, or extended to that of the Hólar 
deposit (Tenth Century moraine) and washed Hólar surface (Maizels’ map, Fig 2.30), it can be 
seen that they lie directly in line of each other (marked in red, Figure 5.10). The Hólar deposit 
has been washed by numerous subsequent floods (e.g. in the Fourteenth Century) but this Tenth 
Century moraine was likely washed over by the Tenth Century flood as it left Jökulsárgil , before 
depositing the Palagonite Terrace, which would account for the large palagonite boulders still 
seen on its surface.  
When joined together, the two surfaces form one complete elongated fan, leading directly 
to the entrance of Jökulsárgil (Figure 5.10). Sólheimajökull’s ice margin would have rested up 
against the eastern edge of the Hólar deposit (area shown in red in Figure 5.10), which would 
have diverted floodwater south to the sea. As the flood banked against Sólheimasandur to the 
east, it was deflected back slightly westwards towards the Jökulsá estuary cliff, depositing more 
palagonite west of the current river channel. Subsequently the Jökulsá has washed away any 
bridging deposit that may have existed between the “two” Palagonite Terraces (diagonal lines), 
leaving just the eastern and western fragments as remnant features today.  
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Figure 5.10: Hólar deposit linked to Palagonite Terrace. Boulder field in black (modified after 
Maizels 1989a). 
 
 
Figure 5.11: Schematic to show how Tenth Century flood water (blue arrow) could have flowed 
from Jökulsárgil , southwards, later followed by more recent, numerous floods modifying the 
original flood surface (red arrows) (Modified from Maizels, 1989a). Underlying units intentionally 
faded. 
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Figure 5.11 explores this further, in that the southerly direction taken by the Tenth Century flood, 
would have been obliquely washed over on the Hólar deposit by later floods. This explains the 
feathered, western edge of the moraine and the formation of the whalebacks seen in Figure 2.6. 
When comparing the size and shape of the Hofsá meander channel with the schematic 
“palagonite channel” (Figure 5.11), the two western limbs of the Tenth Century flood are of a 
similar size and shape, diverted either side of the raised Skógarsandur, along its western and 
eastern edges (Figure 5.12). Both Tenth Century flood limbs, reflect large volumes of water 
flowing down both Þurragil and Jökulsárgil canyons. The only difference is Sólheimajökull’s 
fluctuations; the Jökulsá river and numerous subsequent floods down the “palagonite route” have 
greatly altered the original channel (Figure 5.10), leaving it barely recognisable on modern aerial 
photographs. The Hofsá meander, however, has remained virtually intact to the west as 
Sólheimajökull no longer deflects floodwater westwards towards it. It is not clear whether both 
flood channels were active at the same time. However, the likely assumption is that once 
Jökulsárgil was opened up as a flood channel, Þurragil became abandoned. Alternatively, the 
Tenth Century flood was potentially of sufficient magnitude that both canyons flooded 
simultaneously.  
The Palagonite Terrace can only be Tenth Century (or younger) as, prior to this, its 
source canyon was ice-covered and simply not available as a flood route until the Tenth Century 
glacial extent (Dugmore’s 1987 map, Appendix 8). Similarly, it is unlikely to be much younger 
than a Fourteenth Century feature as the glacier had retreated far enough up-valley by then that 
the main Jökulsá valley formed the primary drainage route, leaving the western canyon route 
unused. So as the sandur’s major geomorphic feature, it will have been deposited between the 
Tenth and Fourteenth Centuries.  
A Palagonite Terrace of similar size is not observed in front of eastern canyons, because 
there was no ice-dammed lake on this side of the glacier, by which to store and suddenly release 
large volumes of meltwater. Therefore the amount of palagonite stripped from Hólsárgil’s walls 
was much less than in Jökulsárgil, which is consistent with more gradual erosion and accounts 
for the smaller eastern palagonite fan, along with the less-incised upper reaches of the eastern 
canyons.  
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Figure 5.12: The two western limbs of the Tenth Century flood, one leaving Þurragil and the other, 
Jökulsárgil. Each created large troughs, which in Jökulsárgil’s case was filled with palagonite 
scoured from the source canyon (annotated USAF 1990 aerial photograph). 
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In summary, unlike the broad outwash fans of the early-mid Holocene which flowed from 
the wide glacial termini, these later canyon-directed fans marked an important change in the type 
of depositional sandur morphology. Their deposits were more streamlined and narrow, 
resembling an elongated deposit on the broad, triangular, older fans. For the first time in the 
(visible) sedimentary profile a large, unilithic concentration of palagonite is recorded. This 
palagonite matches the colour and texture of the palagonite from the canyon walls in Jökulsárgil, 
and therefore supports this location as the likely route of the flood which deposited this unit.  
 
5.3.3 Comparisons between the Tenth Century flood and the 1999 jökulhlaup. 
When observing the 1999 debris fan at the entrance to upper Jökulsárgil  (Slide 4, ICSM), 
floodwater travelled a short distance before depositing its material almost immediately in front of 
the glacier snout. As explained previously (Figure 2.19), discharges of the 1999 event were 
c.1,700 m3s-1 (Roberts et al., 2003). When comparing this to potential Tenth Century flood 
discharges of between 9.5 x 104 and 2.3 x 105 m3s-1 (Maizels, 1989a), the difference is 
significant. When relating the discharge of the 1999 flood to the size of depositional feature left 
behind, the nature and size of flood which would have been responsible for depositing the 
Palagonite Terrace is put into context. Despite their differences in size, however, the two 
jökulhlaup have various similarities: 1999 proves most importantly that even today, with 
diminishing ice thicknesses, emptying of ice-marginal lakes during a volcanically-induced 
jökulhlaup at Sólheimajökull can and does augment flood peak discharges.  
The fact that 1999 was a supposed (small) subglacial eruption, and that the ice-dammed 
lake basins were “retro-filled” (Roberts et al., 2003), is in some ways irrelevant. What is 
important in terms of this research is that the mechanism of filling these topographical 
depressions would have been exactly the same as in the Tenth Century, but on a much larger 
scale. In a large, emergent volcanic eruption, such as Katla 920 AD, a much larger portion of 
melted ice cap would still have taken the same routes as in 1999. The major difference is the 
location of the glacier snout, which now allows Jökulsárgil ’s (albeit temporary) ice-dammed 
lake to drain directly southwards, depositing its debris fan in the immediate proglacial area, 
rather than being diverted down the western canyons, as would have been the only route 
available during the Tenth Century. 
 
201 
 
 
5.4 Chronology 
Appendix 3 gives a chronology for Sólheimasandur and Skógarsandur over the last 4500 years. 
This has been compiled from literary references as well as field evidence collected during this 
research. The following chronology, or order of events, is put forward for the Tenth Century 
flood sequence, as detailed in Appendix 3, (highlighted section). It describes the main 
geomorphological changes and features formed during the Tenth Century flood, explaining the 
evolution of pathways based on results obtained in this research. All the field results combine to 
piece together the following chronology for the Tenth Century flood: Field evidence is in blue. 
 
Proposed Tenth Century flood chronology: 
1. Katla 920 AD volcanic eruption (simultaneous Eyjafjallajökull 920 AD eruption) 
tephrostratigraphies 10/6/1a-c, 7/6/1-2. 
2. Melting of Mýrdalsjökull ice cap within Sólheimajökull’s upper reaches. 
3. Widespread flooding from glacier as initial flood pulse exits ice supraglacially, sub-
glacially and ice-laterally.  
4. Flooding across western upland plateau (Profile 10/6/1) from Tenth Century moraine 
draining into Jökulsárgil’s ice-dammed lake via spillways. 
            ICE-DAMMED LAKE LEVELS INCREASE. 
5. Flooding down Hólsárgil on the eastern side of the glacier up towards Loðmund’s farm, 
(Dugmore’s Profile 145 (Figure 4.26b) depositing small palagonite fan on the Húsá Fan 
surface. Maizels (1989a) dated the Húsá fan as the same age as the Main Pumice Terrace. 
The Tenth Century flood may have also deposited this feature.     
6. Initial floodwater pulse escapes from western flank of Sólheimajökull and flows down 
Þrassi’s Cliff channel, to Þurragil, carving the Hofsá meander into the Skógar Fan as it 
exits the canyon (Dugmore’s Profile 171, Figure 5.3). 
7. Pumice-rich floodwater leaving the glacial terminus flows over the Tenth Century 
moraine (Hólar deposit) spreading across the sandur and depositing the Main Pumice 
Terrace. This was the first and main pulse of pumice-rich Tenth Century floodwater, 
flowing subglacially and/or englacially, directly from the glacio-volcanic eruption 
(melting) site on Mýrdalsjökull. Its path would have been obstructed by ice only (and 
only temporarily) as tunnels were carved by the warm water. No/ little “contaminant” 
country rock or other lithologies would have been entrained or able to mix with the 
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pumice, producing a pure-pumice homogenous deposit, with rounded grains supporting a 
water-rich flood interpretation (Appendix 6: Pumice Unit). 
8. Þrassi’s Cliff channel blocks with sediment and debris, permanently cutting off Þurragil 
as floodwater conduit. Jökulsárgil becomes the primary flood route and rapidly incises. 
9. Volcanic eruption ceases, pumice unit stabilises, fluvial outwash resumes on 
Sólheimasandur for several weeks/ months (Bridge Profile, Sólheimasandur). 
10. Catastrophic, single-event, ice-dammed lake drainage leading to deep incision of 
Jökulsárgil as the new primary drainage route and excavation of many thousands of 
tonnes of palagonite from canyon walls. Hólar deposit over-spilled via canyon wall 
breach, leaving palagonite debris. Incision of canyon floor leaving Tenth Century canyon 
floor remnant promontory (“18th Tee”).  
11. Deposition of Palagonite Terrace on Sólheimasandur. Burying of Main Pumice Terrace 
which lay in the path of the palagonite-rich debris flow (i.e. predominantly on the eastern 
side of the Jökulsá floodplain). 
 
 
5.4.1 Glacial chronology 
 
During the Drangagil stage (4500-7000 BP) Sólheimajökull’s western margin would have lain to 
the west of both canyons Þurragil and Jökulsárgil, covering their locations completely (based on 
Dugmore’s 1987 glacial fluctuations record). By the Hólsárgil stage (3100-3500 BP) Þurragil 
was now exposed and is likely to have been formed, first as an ice-lateral meltwater channel, 
enlarged over time by periodic jökulhlaup. That means there was approximately 1000 years 
between Þurragil’s location being completely ice-covered and the canyon’s incision.  
Similarly, the Yztagil stage (1200-1400 BP) would have marked the beginning of 
Jökulsárgil ’s incision as the subsequent ice-marginal drainage route, as the ice gradually 
retreated away from where the canyon mouth now lies, into the main valley. By the Tenth 
Century, ice rested on the spur immediately east of Jökulsárgil (Dugmore, 1987) and this canyon 
was in prime position to channel floodwater south to the sandur plain. The model, “VolcVis” 
(visualising volcanic jökulhlaup) shows these glacial stages in sequence, described further in 
Chapter 6. The model incorporates field evidence collected at Sólheimajökull, in creation of a 
prototype 3D visual simulation of the Tenth Century flood, and its contemporaneous physical 
setting, giving a unique, contemporary and innovative impression of an elapsed environmental 
event which would otherwise have been left confined to the Icelandic sagas.   
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Chapter 6: Applying 3D visualisation to (palaeo) geomorphic reconstruction: 
Modelling Katla’s Tenth Century flood at Sólheimajökull. 
 
6.1 Objective of Visualisation 
The following component of this study aims to complete the Tenth Century flood reconstruction 
by utilising field evidence gathered, mapped and dated at the site, detailed in previous chapters, 
to create a prototype interactive three-dimensional (3D) model. “VolcVis” uses a bespoke 
visualisation platform (Isaacs, 2011) to synthesise results from this research at Sólheimajökull, to 
produce a simulation of Tenth Century flood events at the glacier (aligning with initial Aims and 
Objectives, 1.1 and 1.7.1). 
 
6.2 Rationale 
This research has thus far collected contemporary field evidence of the combined volcano-glacial 
flood history at Sólheimajökull, based on identifying jökulhlaup deposits and their associated 
(palaeo) geomorphological and sedimentological features, using a variety of field and laboratory 
techniques including sedimentary facies analyses, geomorphic maps and tephrochronology. As 
illustrated, sites of relevant, specific field evidence in reconstructing any particular flood can be 
spatially disparate across a field site (due to rapid rates of sediment redistribution, or erosive 
scouring, e.g. in locations such as valley floors). Locating sedimentological evidence can be 
likened, in many ways, to ‘searching for a needle in a haystack’. Success is dependent on finding 
(often small) pockets of preserved sediment (or rofabarðs) on protected or elevated ground, 
which tend to be sparse in this region of Iceland where the landscape evolves at a relatively rapid 
rate. This rate of change means that any information that can be gathered, preserved and 
presented regarding past physical processes and how they might have changed over time, is 
valuable, particularly in terms of developing future predictions.  
In order to accurately compile a jökulhlaup chronology for volcano-glacial environments, 
locating and presenting these individual sites (or pieces) of flood evidence, spatially, whilst 
essential, does not achieve a first-hand appreciation of the overall physical environment within 
which each flood took place; in this case, Tenth Century Sólheimajökull. This is of equal 
importance to reconstructing flood events themselves as flood routes are ultimately determined 
by the environmental setting through which they flow. A key visual element of the controlling 
features and factors which influence flood characteristics (predominantly ice cover) is missing, 
which VolcVis aims to redress.  
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Without the means to impart these research findings effectively to a target audience or 
relevant range of authorities or decision-makers, the minutiae of field results, (e.g. detailed 
tephrostratigraphies at the mm-cm scale) and their individual significance may be overlooked. 
Collectively however, when the relevant pieces of field data are assembled and integrated into a 
useable, navigable framework or model, and dynamically simulated, they hold a greater, more 
immediate visual impact, giving the results wider applicability, relevance and meaning.  
The focus of this research therefore shifts, to utilising field data collected at 
Sólheimajökull thus far, to create, using visualisation software, an interactive 3D model of Tenth 
Century Sólheimajökull, and to critique its ability to ease elucidation and synthesis of field data. 
The Tenth Century flood gives a rare and valuable opportunity to test this technique, primarily as 
its features have now become relatively well-constrained by field work undertaken at the site as 
part of this study. Identification and interpretation of its geomorphic and sedimentary features 
(both well-preserved and poorly-preserved) over the course of this research, gives a secure 
footing on which to test the model’s efficacy and to explore possibilities for its usefulness at 
other sites. Its ability to communicate research results to a wider audience has often been a key 
instigating factor for applying visualisation software to environmental imaging projects to date.  
 
6.3 Overview of 3D visualisation techniques 
The visualisation software and techniques used for modelling Tenth Century Sólheimajökull 
have a wide ranging flexibility, which have been applied to various scenarios to date, from a 
coastal management project visualising sediment transport, sand dune erosion and coastal 
flooding affecting the eastern coast of Scotland; to addressing the economic, social and 
environmental costs of managing phosphate levels in rivers as part of a UK Water Industry 
Research (UKWIR) project (Isaacs et al., 2011). Originally designed as a support tool for 
decision-making processes in urban sustainability assessments (Isaacs et al., 2008; 2011), the 
visualisation software chosen to model Sólheimajökull’s Tenth Century flood was deemed 
suitable due to several key factors. Firstly, its ability to create a 3D, colour, topographic field 
map of Sólheimajökull is, in itself, a useful output, but it is its potential to visualise (past) 
environments realistically and display processes in real time, specifically sequences of discrete 
events (in this case, stages of a volcanic jökulhlaup), which gives it a unique value. It adopts an 
innovative approach of combining 3D interaction with computer modelling to allow the user 
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access to a simulated virtual environment (Isaacs, 2011), an environment which, in reality, there 
is no longer access to.  
Landscapes are complex 3D spaces and there are many emerging examples of the use of 
Virtual Reality (VR) as a medium for promoting mutual understanding amongst researchers, 
stakeholders and the general public (Al Kodmany, 2002; Ball et al., 2008). There is a growing 
body of research in the area of VR as a communication tool, especially as an extension to 
Geographical Information Systems (GIS). VR as a means of communication is increasingly 
being used both in education (DiBiase, 1999) and planning (Bodum, 1999; Miller et al., 2007), 
offering particular effectiveness in communicating issues relating to intricate 3D space problems 
or issues (Ball et al., 2008).  
Kapelan et al., (2005) suggest communication barriers can be overcome through the use 
of 3D visualisation (Isaacs, 2011). It is suggested that using 3D visualisation may enable more 
effective communication between experts and non experts and promote inclusion of a wider 
range of stakeholders (Isaacs, 2011).  Essentially, VR helps simplify something which is 
inherently complex, thus removing for the viewer (or user) many of the complications or 
(unnecessary) detail which may have been involved during the model’s creation. It allows layers 
of the 3D interactive map to be turned on and off as required, and to replay, pause, rewind and 
fast forward processes, or in this case, events, like the Tenth Century flood. This first-hand 
control opens up new avenues for research, testing of new hypotheses and developing models for 
secondary impacts of the flood. Put simply, it provides an engaging framework within which to 
display field data. 
Stanney (2002) suggests that it is not necessarily the aim of a virtual environment to be 
graphically realistic but that it is realistic enough to engage the user by reflecting the real 
environment. It is, however, important that the physical representations used in the virtual 
environment represent the real environment fairly (Lange, 2005). This is of utmost importance 
when simulating the Tenth Century flood. The environment in which it took place (particularly 
identifying locations of ice margins at the time) should be reconstructed as accurately as possible 
to recreate consequential ice-marginal flood routes. Tenth Century Sólheimajökull was therefore 
modelled using multiple, well-preserved moraine sequences on the glacial foreland and adjacent 
hillsides east and west of the glacier (e.g. Dugmore, 1987; Maizels, 1989a) which were further 
extended during field work. These moraines have been dated using a variety of techniques 
including lichenometry, tephrochronology and sedimentary analyses, described fully in Chapter 
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3. Careful mapping of the Tenth Century glacial margins, ultimately provides clues about the 
route taken by the Tenth Century flood, particularly in determining the flood’s exit point(s) from 
the glacial system and areas of potential storage, like ice-dammed lake basins.  
The controls an ice body exerts on its ice marginal drainage pattern are tested, or 
exceeded in extreme floods, such as that of the Tenth Century. The ways in which flood deposits 
provide clues regarding flood generation mechanisms are examined here, particularly the route(s) 
which flood waters followed, including areas of temporary storage, and whether the drainage 
network evolves over time, with fluctuating ice thicknesses. To demonstrate this connection, or 
linkage, the course of the Tenth Century jökulhlaup is plotted, in its entirety, from source (on the 
ice cap) to sandur plain, simply by what it has left behind, with no visual record to rely on, other 
than the anecdotal evidence recorded in the Icelander’s Landnámabók. The effectiveness of the 
template developed during this research (Figure 4.51), linking flood deposits to their pathways 
and originating mechanism, will be determined by the completeness of the final Tenth Century 
flood map and model. 
All visualisation models vary in how realistic their representation of the environment is. 
In this case, the quality of the prototype is dependent on entering accurate Tenth Century flood 
evidence only, which has been illustrated and explained in Chapter 4, leaving the model 
uncluttered and based only on undisputed evidence of Tenth Century origin (using dating 
techniques such as tephrochronology) to eliminate guesswork.  
In summary, this component of the research uses 3D graphical programming techniques 
to display an interactive virtual environment, by implementing the latest technologies used in the 
computer games industry in conjunction with an underlying computational model (Isaacs et al., 
2008). The software is ideal for representing Tenth Century Sólheimajökull due mainly to its 
ease of use by an end operator, and for the scope of control in terms of selective viewing 
perspective and level of detail and zoom. “It is clear that those tools which utilised games 
engines to present the physical environment can provide not only a high quality, engaging visual 
component, but also have the potential to provide the kind of interactivity most environmental 
models lack” (Isaacs, 2011).  
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6.3.1 Reasons for modelling the Tenth Century flood 
The Tenth Century flood at Sólheimajökull was exceptional for two reasons: Firstly, field 
evidence suggests that although the flood was volcanically-generated by a major Katla eruption, 
there was a secondary component to the jökulhlaup hydrograph with temporary storage of 
floodwater and eventual breach of a large ice-dammed lake in Jökulsárgil, creating a rare, 
combined flood hazard. Secondly, this event marks a distinct temporal change at the glacier in 
terms of flood route: from a long-established, prioritised system of ice-lateral flood routes and 
predominantly glacial flood pathways; to the carving of new canyon routes, subsequently 
changing the nature of flood deposits in the glacial foreland for ever. These two factors make this 
flood especially useful to model, to better investigate and understand the controls fluctuating ice 
limits have on their ice-lateral meltwater routes and drainage networks, and how these may be 
activated during an exceptional event such as a subglacial volcanic eruption, or catastrophic ice 
dam failure or, in this case, both.  
If Katla erupted again today, media coverage would be extensive (as seen during 
Eyjafjallajökull’s 2010 eruption). The lack of media in the Tenth Century should not mean that 
an event like this is any less significant. Its colourful description in Landnámabók warrants 
recognition of an event that had wide reaching implications for the people who lived there and 
witnessed the event, and for impacts on their livelihoods. Also, in an environment such as 
southern Iceland, where rates of environmental change are relatively rapid when compared to 
other parts of the world, it is important to gather information about events like the Tenth Century 
flood before evidence of them is lost for ever. 
Simulating the Tenth Century flood offers alternative research possibilities and potential 
for modelling various scenarios (e.g. differing lake volumes in Jökulsárgil). Questions raised in 
mapping of the flood route, can be more fully explored, such as the extent of the route taken 
down the western canyons. Gaps between known sedimentary logs are filled showing passage of 
Tenth Century flood water. Animation of a receding or extending glacial limit between known 
dates (or moraine ridges) allows extrapolation of ice limits in the intervening time period 
between two known moraines. It allows the site to be viewed as a progression of geomorphic 
processes rather than stand-alone pieces of evidence, or single maps drawn on a specific date, 
placing evidence within a moving timescale. 
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6.3.2 Selecting 3D visualisation for modelling the Tenth Century flood 
 
Visualisation in three dimensions (3D), using virtual environments, has the ability to more fully 
engage the user’s perceptual and spatial faculties and aid them in processing complex 
information presented (Knight, 1998; Pettifer & West, 1997; Charters et al., 2002, from Isaacs, 
2011). Virtual Reality (VR) is now recognised as an effective communication tool, and an 
extension to Geographical Information Systems (GIS) in overcoming some of the shortcomings 
of traditional media (Ball et al., 2008).  Traditional GIS software does not provide a two-way, 
realistic physical representation of the natural environment in the same way that VR does; due to 
its two dimensional nature it lacks a realistic representation of height and perspective (Isaacs, 
2011). GIS can, however, provide a better two dimensional depiction of a large area using aerial 
photographs or detailed maps, but lacks ability to show a temporal event, or progressive 
environmental change or, in this case, a sequence of processes or stages of volcanic jökulhlaup, 
the Tenth Century flood.  
Computer Aided Design (CAD) systems do enable the creation of 3D models which 
provide the user with a realistic environment, however CAD systems provide no ability to 
overlay additional data and provide little context outwith the area being studied and do not 
usually give the users, other than the initial designer, the opportunity to control what viewpoint, 
location or orientation is being used (Isaacs, 2011). Visualisation software allows first-person 
navigation along with other personalised features, which other models do not have the same 
capacity for. 
Visualisation displays the fourth dimension or temporal variation in a way that 2D GIS or 
even 3D-combined GIS cannot. VolcVis shows a series of processes or stages over the course of 
the Tenth Century flood, rather than a single point in time, or snapshot of the different flood 
stages. Herein lies the model’s main purpose, to link together the stages of the Tenth Century 
event which have been identified over the course of this research (Appendix 3), revealing the 
complete flood mechanism and life-cycle. This linkage is key to understanding the development 
of ice-marginal drainage patterns at the site. It allows a more complete picture of the event as it 
might have looked at the time, offering hypotheses to be made about timing of the different 
stages (e.g. how long after the initial Katla eruption might the ice-dammed lake have breached in 
Jökulsárgil , or was the Palagonite Terrace deposited as a single flood or multiple surges?). 
Finally, VolcVis can be adjusted easily. Additional information can be added, and data 
points changed with little difficulty. In an evolving task such as flood reconstruction, it is 
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important to remain adaptive to new sedimentary or stratigraphic discoveries which may shed 
new light on a flood chronology, allowing models to incorporate new data as they become 
available.  
Isaacs (2011) explores how using computer gaming techniques in 3D visualisation may 
help redress a current lack of participation and interactivity available in current visualisation 
methods such as CAD and GIS and may allow for “greater realism” of the environments being 
displayed. He states that modern computer games are able to provide the user with realistic 
environments with a large degree of interaction, especially over the control of the view or camera 
with which the user sees the environment (Isaacs, 2011). Game engines are modular code 
libraries which handle input, output (3D rendering, 2D drawing, sound), and generic 
physics/dynamics for game worlds, written for a specific game but general enough to be used for 
a family of similar games. The ability to separate the code from the function has been developed 
and has prompted some researchers to repurpose game code for scientific research (Lewis & 
Johnson 2002; from Isaacs, 2011).  
Some examples of using commercial game engines in research projects include a 2002 
study which used the “Unreal” commercial engine to provide a “stroller’s eye” view to aid in 
landscape visualisation, allowing the user to explore the proposed landscape at will (Herwig & 
Paar, 2002; from Isaacs, 2011). Bishop & Stock (2010) describe a visualisation system using the 
“Torque” game engine to aid in the design of wind farms in Australia allowing the user to place 
wind turbines into a virtual environment and assess their visual impacts on the surrounding 
landscape. Additional options allowed the user to experimentally position trees to try to alleviate 
visual impact of the turbines, from differing perspectives (Isaacs, 2011). This experimental 
function begins to allow opportunities for scenario-modelling and answering “what if” questions 
which expands the boundaries of conventional 2D or 3D modelling and opens up new 
possibilities for envisaging scenarios, in this case the Tenth Century ice-dammed lake. Similarly, 
Isaacs et al., (2011) developed the system, “PhiZ” which uses a bespoke rendering engine 
(SAVE) designed to closely link underlying scientific data monitoring phosphate levels in rivers 
with a realistic virtual environment while maintaining real-time interaction. All three examples 
achieved improved engagement with stakeholders and knowledge-sharing of the research 
(Herwig & Paar, 2002; Bishop & Stock, 2010; Isaacs et al., 2011). 
 
210 
 
 
It is this range of uses identified and explored by Isaacs (2008, 2011) that prompted 
research into the suitability of visualisation software using computer gaming components for 
modelling Sólheimajökull’s Tenth Century flood. People are said to develop an ability to 
navigate and visually process 3D representations on a subconscious level throughout their lives 
(Charters et al., 2002; from Isaacs, 2011), allowing easy, instant recognition for the spatial 
context of the Tenth Century flood. This subconscious ability suggests that users will not have to 
work hard to appreciate the physical setting within which the flood took place, or have to 
interpret results in order to understand the immediate and secondary impacts of the flood. This 
will be done automatically by the model, allowing the user to focus on the jökulhlaup itself. This 
is the case, particularly when considering the following software capabilities in representing 
Sólheimajökull’s physical environment. Both of these specific attributes will be discussed in 
more detail later within the critique of the model. 
Perhaps the main reason for selecting visualisation software over other options is for its 
gaming functions to portray the characteristics of a water body more naturally and realistically, 
particularly moving water. The water in the visualisation is represented using a pixel shader 
designed to imitate the movement and reflections of standing water in the ice-dammed lake 
(Isaacs, 2011), which can then be altered as water begins to flow down the canyons, becoming 
more agitated as more sediment became entrained within the flow. This is preferable to a solid 
block of colour, or simple arrow, which has been used on other diagrams or simplistic models to 
represent water passage giving a rather unnatural impression that the water body moves as a 
single entity, rather than allowing for variations in speed, flow direction, topographical 
restrictions in the canyons and sediment concentration. It also helps to illustrate the processes 
involved during deposition of the Palagonite Terrace as the flood moved southwards. 
Using this software, the viewer is able to rotate and tilt the field site to any conceivable 
vantage point, making the physical environment of the Tenth Century much more realistic than 
simply drawing lines on maps. This function is an important field tool, in being able to rotate the 
site to different view points and unlimited perspectives. To view the model in the field would 
benefit further study as the user would instantly be able to familiarise themselves with their 
environment.  
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6.4 VolcVis Methodology 
The model was created using Microsoft XNA as the development framework which facilitates 
rapid video game development by providing a set of tools utilising a managed runtime 
environment (Isaacs, 2011). XNA is based on the .NET framework, which allows flexibility due 
to its cross language infrastructure (Isaacs, 2011). XNA relieves the repetitive nature of creating 
a custom engine by providing basic methods and allowing easier access to the rendering and 
processing ability of a computer graphics hardware (Isaacs, 2011). C# computer programming 
language was used for coding, along with Microsoft’s Visual Studio which was used to convert 
image files initially drawn in Adobe Illustrator.  
 
6.4.1 Base layer 
A high-resolution Digital Elevation Model (DEM) of the field site (Figure 6.1) was sourced from 
NASA’s Satellite Radar Topography Mission (SRTM), a collection of free online images 
displaying global topographic data: http://www2.jpl.nasa.gov/srtm/ . The images were recorded 
using a specially-modified radar system that flew onboard during Space Shuttle Endeavour’s 11 
day mission in February 2000. 
 
Figure 6.1: Digital Elevation Model: Oblique aerial view of the field site looking WNW. 
Sólheimajökull is arrowed. The prominent ridge of Skógafjall to the west is easily visible. The small 
outcrop at Pétursey also acts as a useful location marker. The depression filled by Sólheimajökull is 
also visible flowing SSW from Katla’s caldera. Eyjafjallajökull lies immediately west of the image 
(NASA image, SRTM archive). 
 
Katla 
 
Sólheimajökull 
Skógafjall 
Pétursey 
Kötlujökull 
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The interactive field maps (ICSM, IPM), using Powerpoint, helped to compile VolcVis, as a bank 
of images, and soil profiles, navigable from a central map. It provided a basis for creating the 
interactive 3D tool to explore the field site, to visualise it from any conceivable vantage point. 
Some of the images and tephrostratigraphies in the interactive maps were chosen to illustrate 
areas of the final model as clickable sites. 
 
 
Figure 6.2: Digital Elevation Model: Looking WNW across field site from near ground level. The 
prominent Drangshilðarfjall is seen in the left foreground with Rauðafell behind. Sólheimajökull is 
arrowed (NASA image, SRTM archive). 
 
The co-ordinates of present-day Sólheimajökull were used as the focal or central point of the 
DEM, and key surrounding topographical features were used as anchor points for the image, 
particularly the prominent Skógafjall ridge to the west of the glacier.  
 
6.4.2 Calibrating the model 
Photoshop and Adobe Illustrator were used to overlay aerial photographs with topographic maps 
(Figure 6.3). Height data (spanning c. 900 m on the glacial plateau to 0 m at sea level) were 
added to the DEM to create a topographically realistic 3D virtual environment of Tenth Century 
Sólheimajökull and its environs. Heights taken from topographic maps and from field data 
collected during this research helped refine the model, correcting “errors”, one of which was an 
indented coastline shown on the model, which in contemporary reality is linear (Figure 6.3). 
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Figure 6.3: Indented coastline below the glacial plateau pre-correction along with vegetation, ice 
and sandur surface percentages. 
 
Field notes, observations and images “corrected” various other contemporary inaccuracies, such 
as the percentage ground cover of ice, vegetation cover and sandur surfaces, which had to be 
recalibrated in order to conform more closely with Tenth Century conditions. Minor temporal 
discrepancies between the high-resolution DEM image data (recorded onboard Space Shuttle 
Endeavour in February 2000) and older aerial photographs taken between 1947 and 1996 had to 
be synchronised. However, these differences were minimal and the topography itself is largely 
unchanged in terms of minimum and maximum heights and key physical features.  
Spot heights on 2D maps were matched to prominent 3D surface features and helped to 
anchor the model. The glacier itself provides a key reference point by which to calibrate the 
model, with its carefully re-constructed historical glacial fluctuations and moraine record 
(Dugmore, 1987). This results in an accurate overlay of the DEM with correct height data, with 
aerial photographs and topographic maps, which helps form the composite 3D image of the field 
site. It is thus as realistic as possible, based on available field data (published and unpublished).  
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The next step was to calibrate the model with recent photographs taken of the field site, 
to correct height data and to align perspective, and to show points of interest. A 1947 aerial 
photograph was deemed most appropriate to “drape” over the 3D mesh, as it has good exposure 
of the upper field site, west of the glacier. The preliminary results of overlaying aerial imagery 
with the 3D model can be seen in Figure 6.4. Some distortion can be seen in the bottom left of 
the image which was corrected in the final version, by layering additional aerial images. 
 
 
Figure 6.4: Preliminary “drape” of topographic mesh and 1947 USAF aerial photograph of 
Sólheimajökull. 
 
6.4.3 Modelling the stages of the Tenth Century flood 
Figure 6.5 illustrates the process of converting field data into populating VolcVis. The DEM and 
aerial imagery drapes were overlain with well-constructed glacial limits, placing the Tenth 
Century into context. The next step was to reconstruct the Tenth Century environment, based on 
collected field data, including volcanic eruption, ice cover, existing sandur surfaces, and 
recreating the ice-dammed lake in Jökulsárgil. Two farm settlements belonging to Þrassi and 
Loðmund, as noted in Landnámabók were also added, to the west and east of the glacier, 
respectively. Finally, animation of the flood sequence took place.   
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Figure 6.5: Process of converting field data to VolcVis  
 
The compostite layering of the 3D DEM with aerial imagery, maps and topographic data was 
used to anchor each of six Holocene glacial extents, based on Dugmore (1987), field maps and 
aerial imagery 1947-1999 (five of which are shown in Figure 6.6. The sixth was present day).  
                                             
 
Figure 6.6: Holocene glacial extents of Sólheimajökull, based on Dugmore (1987) and field 
mapping. Aerial imagery was used from 1947 and 1996 to form a composite image. 
 
Figure 6.7 shows the key stages of the Tenth Century flood (these can be seen in Appendix 3 
alongside the glacial periods illustrated in Figure 6.6). 
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Figure 6.7: Simplified timeline developed for modelling the Tenth Century flood.  
 
To simplify creation of the model, two “Flood Stages” were chosen, each representing 
approximately half the “run-time” of the model, at approximately two minutes each. These can 
be run simultaneously, or in sequence and can be speeded up or slowed down for video 
extraction, as required. The first flood stage incorporates the immediate drainage from the 
volcanic jökulhlaup caused by Katla’s 920 AD eruption. The second, is the later incision of 
Jökulsárgil and ends with deposition of the Palagonite Terrace. A sliding scale bar is intended to 
control where in the flood sequence a user wishes to view or pause. The model components have 
been kept as simple as possible, so as not to overload its memory. 
Google SketchUp texture libraries were used to recreate features as realistically as possible, e.g. 
the volcanic plume was recreated using a smoke file (NB. The term “smoke” used on the model 
control panel to activate the eruption column, refers to the texture file name used, rather than a 
description of the volcanic output). 
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Figure 6.8: Tenth Century flood stage shape-files for importing to VolcVis. Flood stage 1 (above) is 
drawn in blue, Flood stage 2 (below) in green and the remnant Palagonite Terrace in brown. 
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Each shape-file was assigned a colour, texture or gradient which fit its dimensions and allowed it 
to stand out in the model. If it was to be an inanimate object, e.g. the ice, it would be a solid 
colour, if animated, e.g. water, it would be given a ripple texture which could be speeded up, or 
slowed down, to show different water speeds. The height of ripples (or degree of agitation to the 
water) could also be set, so that features such as the ice-dammed lake was relatively calm and 
flat, whereas the floods included more motion. The following images (Figures 6.9 – 6.15) are 
taken from the model to show the various stages illustrated in Figure 6.7. 
 
Figure 6.9: Screengrab from VolcVis, showing the Tenth Century glacier on the underlying DEM 
(topographic and aerial imagery turned off). 
 
 
 
Figure 6.10: Eruption of Katla and activation of spillways (circled), the Hofsá meander channel, 
main flood channel and Hólsárgil route (timings approximate). 
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Figure 6.11: Stage one flooding (above) and Þrassi’s Farm (below) 
 
Figure 6.12: Ice-dammed lake drains as stage two flooding commences. 
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Figure 6.13: Incision of Jökulsárgil canyon and deposition of Palagonite Terrace. 
 
Figure 6.14: Deposition of Palagonite Terrace. 
 
Figure 6.15: Notable field locations along the Tenth Century flood route shown in VolcVis. 
 
221 
 
 
Notable field locations were added which the user is able to click on to observe the present day 
view of the Tenth Century flood route, seeing its remnant features as they currently exist. A list 
of field locations in the model is given on the attached CD. Figure 6.16 shows the user-control 
functions based on a normal QWERTY keyboard used to navigate the model.  
 
 
Figure 6.16: Keyboard and mouse controls for viewing VolcVis (J. Isaacs, 2011). 
 
6.5 Maintaining accuracy in recreating a realistic virtual environment 
When reconstructing past volcano-glacial environments, particularly in an area like 
Sólheimajökull with such a range of competing dynamic processes, a degree of inaccuracy 
should be anticipated, and accounted for. For example, old hand-drawn maps may have distorted 
scales or inconsistent annotations, but are still valuable in the physical features they record (e.g. 
Figure 2.11 in its recording of Sólheimajökull’s ice-dammed lake in 1704). Similarly, anecdotal 
evidence may be exaggerated or misplaced in terms of place names having changed, so caution 
must be used in interpreting these as sources of evidence. With each new soil log, a chronology 
can be refined and even re-written. Hypotheses must therefore be constructed on the most likely 
scenarios based on current information. To guard against inaccuracies, only proven (or well-
constrained) field data were entered into the model, e.g. soil pits at given GPS locations showing 
the Tenth Century Flood passage, or well-dated moraine sequences. Therefore any inference or 
hypotheses made during creation of the model is anchored around these confirmed points.  
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6.6 VolcVis critique  
Without a firm basis for entering accurate field data, the model would be purely hypothetical; but 
when populated with the results gathered during field work and later analysed, it provides a 
novel way of depicting Tenth Century Sólheimajökull and the flood which had such a long 
lasting impact on the geomorphic shaping of this region. As a prototype, VolcVis achieves its 
initial aims, for creating a 3D topographic model of the field site, and expanding hypotheses for 
development of flood routes at the site and observing their evolution over time. 
The visualisation platform allows a viewer to see the field site in 3D, from any viewpoint, 
thereby adding an exceptional degree of interactivity to the Tenth Century flood. Rarely are 
environmental reconstructions available in anything other than 2D form, and are often from a 
single viewpoint only. This means that the field area can be rotated to view the Tenth Century 
flood from its point of origin, on the ice cap, to its point of deposition on the sandur plain. This 
provides multiple perspectives in unravelling the detail of the flood, flowing either away from or 
towards the viewer, an effect which is not possible to gain from 2D maps or diagrams. The 
ability for a user to navigate their way along canyons to zoom in to search for sites of flood 
evidence, is an exceptionally useful tool, giving insight into the field methods involved in the 
model’s compilation. 
By gathering field data using a variety of techniques, a model such as this can be 
populated (ideally alongside data collection) in a mutually beneficial process. The field data 
populate the model but, in turn, the model has the potential to fill some gaps in field data, in 
locations where perhaps sediment accumulations have been lost, such as the ice-dammed lake 
floor. The ice wall blocking the entrance to Jökulsárgil will have been rebuilt and destroyed 
multiple times since the Tenth Century; subsequent floods will have scoured the valley floor 
along with river drainage, having since washed away remaining evidence of ice dammed lake 
levels. The model, however, allows for the first time the visualisation of these physical features 
as they may have been viewed by the same individuals who recorded their eye-witness accounts 
in Landnámabók.  
The 3D model allows a much more accurate spatial appreciation of the nature of floods at 
Sólheimajökull. This research involves investigation at the mm-cm scale to the km scale and 
VolcVis allows the span of wide variances in scale when presenting field data. It gives an overall 
image, which can be zoomed into, and out of, displaying detailed information, around which the 
model was initially constructed as part of the geomorphic reconstruction.  
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Chapter 7: Conclusions 
This research has contributed to understanding of both present and palaeo-jökulhlaup at 
Sólheimajökull in completion of its Aims and Objectives (listed in Sections 1.1 and 1.7.1). In 
particular, the work has enabled a reconstruction of the last major flood sequence to have 
occurred at this site, in Tenth Century AD. Anecdotal evidence recorded in the Icelanders’ 
Landnámabók, of a major flood occurring here shortly after Icelandic Settlement, aligns with 
contemporary physical evidence of a major geomorphic event which has been found at the site. 
By piecing together contemporary field evidence, within a dating framework of glacial 
fluctuations and volcanic eruptions, the historical accounts are supported, and an interpretation is 
offered, dating the flood sequence as Tenth Century.  
An explanation is offered for the Tenth Century flood’s trigger, flow paths and deposits, 
corroborated by field evidence, linking each stage of the flood. The large-scale (and small-scale) 
geomorphic features within the field site form the key results, corroborated by absolute and 
relative dates provided by tephrostratigraphy and sedimentary analyses.  
The Tenth Century flood was of exceptionally high magnitude, relative to the highest 
flood magnitudes ever likely to have occurred at the site (~105 m3s-1).  It was composed of two 
main flood surges; firstly a pumice-rich flood, followed by a later, secondary component, a lithic 
rich flood composed entirely of palagonite, which was a unique event both in size and 
depositional signature. Its sharp basal contact with the underlying pre-Tenth Century surface 
reveals it as a complex sequence of major events, culminating in a catastrophic, stand-alone ice-
dammed lake drainage episode, an event that is not repeated anywhere else within the visible 
portion of the sedimentary profile. Uncertainty remains as to how long stage one and stage two 
lasted, and how long the intervening period between flood stages may have been, but glacial 
fluctuations suggest that they are likely to have been closely-timed, as once Sólheimajökull had 
retreated from Hestapingháls, the main Jökulsá floodplain would have channelled floodwater as 
opposed to the scoured Jökulsárgil, which has been identified as the source canyon of palagonite. 
This canyon is therefore likely to have been actively eroded by glacio-fluvial runoff and 
jökulhlaup for only a relatively short time period, perhaps only a few decades. 
The Tenth Century flood trigger was a volcanic eruption, most likely the simultaneous 
eruptions of Katla 920 AD and Eyjafjallajökull 920 AD, although, as noted, Eldgjá’s eruption in 
934 AD may also have triggered large floods at the same site. The volcanic jökulhlaup inundated 
ice proximal sandar and ice lateral topography, raising the levels in the ice-dammed lake, 
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possibly thinning the glacier due to net ice loss higher up the catchment near the eruption sites. 
The Katla 920 AD eruption melted through an ice cap over 600-700 m thick, as meltwater 
flowed down Sólheimajökull’s southerly drainage sector. Some of this water, emerging from the 
Tenth Century ice limit on the western upland plateau, would have been rapidly routed to 
Jökulsárgil’s ice-dammed lake via the spillway network mapped in this research.  
There is evidence that meltwater flowed west from Sólheimajökull to Jökulsárgil in the 
past when ice thicknesses were greater, via minor spillways which sustained several flood 
channels between the two canyons on this elevated plateau. Although active streams still flow 
across the western upland plateau, their spatial extent is much reduced when compared to the 
network of active drainage channels that existed in the Tenth Century, giving the present misfit 
profile. They no longer carry the same volumes of meltwater, and some channels are now only 
seasonally active, if not abandoned completely, as relic channels, complete with dry plunge-
pools and small lake basins.  
Evidence gathered from Sólheimajökull moraines shows that the ice-dammed lake was 
most likely near a maximum depth at the time of the Tenth Century, and the sudden influx of 
volcanic meltwater produced in the K920 AD eruption (and possibly again in E934/5) will 
undoubtedly have increased stress on the ice dam, and is a likely reason for eventual dam failure, 
or overspill. In addition, it is possible that net ice loss during the K 920 AD and E934/5 eruptions 
led to thinning of the glacier sufficiently for the ice dam to fail. This, however, would have taken 
longer, perhaps a few months to a year or more. It is also possible that the closely-spaced 
eruptions of Katla 920 AD and Eldgjá 934/5 AD collectively contributed to ice loss within the 
Katla caldera, augmenting ice thinning and subsequent retreat of the glacier, as has been seen in 
the past. It is estimated that single eruptions in Katla volcano may melt between 5-10% of the 
total mass of Mýrdalsjökull ice cap (Sigurðsson, 2010). 
This is the likeliest cause for the eventual catastrophic breach of Jökulsárgil’s ice-
dammed lake. The dam failure in turn provides a trigger mechanism capable of producing a high 
volume, instantaneous flood which scoured the palagonite canyon, Jökulsárgil, to such unique 
extent. This was a vastly different scale of lake emptying event than the periodic drainage of the 
lake basin seen throughout the Little Ice Age, noted by Thoroddsen in 1893 (Section 2.2.1), as 
Sólheimajökull’s terminus rested just south of the canyon entrance (Figure 2.26).  
The eastern canyons provide a useful comparison for the degree of incision expected, had 
there not been an ice-dammed lake release event from Jökulsárgil. They corroborate that an 
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additional, or augmenting factor is  required of a Tenth Century flood, in the western canyons to 
create such a significant depositional feature as the Palagonite Terrace, originally thought to be a 
much older, exhumed surface rather than perhaps the site’s last major, high-magnitude flood 
deposit. 
Jökulsárgil and Þurragil have been established as Tenth Century flood routes. Jökulsárgil 
is identified as the likely source of palagonite deposited in the Tenth Century flood as the 
Palagonite Terrace. Figure 5.5 displays known locations of Tenth Century flood passage (red 
stars), including Profile 10/6/1 on the western upland plateau. Situated immediately west of the 
Tenth Century moraine, its flood deposit is isochronous with Tenth Century airfall tephra. Also, 
a Tenth Century flood passed the locations of Profiles 7/6/1, and 7/6/2 along the sides of 
Jökulsárgil. The height of floodwater can be estimated at c. 20-30m above the Tenth Century 
canyon floor as it flowed along Jökulsárgil, inferred from the geomorphic features such as the 
bedrock spur breach, the Tenth Century canyon floor remnant (or “18th Tee”) and Profiles 7/6/3 
and 7/6/4 lying just above the flood height. These fixed geomorphic points, with their 
stratigraphies, allow a framework for plotting a Tenth Century flood route through the channel 
system, as well as potential storage areas such as Jökulsárgil’s ice-dammed lake; ending with the 
Palagonite Terrace as the major remnant deposit.  
The accumulative process of dating such a feature draws on many factors acknowledged 
during this research, taking into account geomorphic and volcanic processes, which, when 
coupled with knowledge of the glacial fluctuations, provide time periods for ice-lateral canyon 
incision and timescales when drainage routes for different floods were active, then eventually 
becoming redundant channels (or hanging valleys), in favour of increasingly ice-proximal routes 
to a receding glacier. 
Not only is the route which the Tenth Century flood followed reconstructed in entirety, it 
can also suggest where the direction of fastest flow lay, i.e. proximal to the boulder field at 
locality 18 on the Palagonite Terrace, where the heaviest boulders were deposited. This region is 
directly in line with Jökulsárgil canyon from which it flowed (Figure 5.5).  
By studying Dugmore’s (1987) moraine record at Hrossatungur, and mapping the 
moraines on the western upland plateau (Appendix 4), known Tenth Century ice limits of 
Sólheimajökull have been extended and refined. The more extensive ice coverage during the 
Tenth Century held greater influence on the direction floodwater took, and the glacier had a 
greater ability to potentially store floodwater ice-laterally, in ice-dammed basins. Greater ice 
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masses also meant that the volumes of meltwater produced in volcanic eruptions were 
significantly higher than they may be expected to reach at present. This does not mean, however, 
that Sólheimajökull is less likely to experience large jökulhlaup today. If a Katla eruption were to 
occur within the southern drainage sector of the caldera, Sólheimajökull still provides the main 
escape route for that meltwater, which could still produce jökulhlaup of high magnitude. The 
most recent reminder of this was in 1999, which although a relatively small flood, shows the 
topographical capacity to channel and store water effectively, if albeit temporarily.  
 
7.1 Potential future flood drainage pathways 
The pre-carved network of drainage channels on the western upland plateau, mapped in this 
research, is still capable of diverting large quantities of floodwater west and south from the relic 
ice-dammed lake site. If a volcanic eruption were to occur within the Sólheimajökull drainage 
catchment area of the Katla caldera (Figure 1.11), it is entirely possible that these drainage 
channels could be reactivated, as observed during the 1999 jökulhlaup.  
However, with thinning ice masses, and a warming climate, it is unlikely that floodwater 
would be stored ice-laterally, for any period of time, as was the case in the Tenth Century. The 
retreat of Sólheimajökull’s terminus to its present position dictates that no fluvial runoff or flood 
water can be stored in an ice-dammed lake in Jökulsárgil  as the valley is free to drain, and will 
remain so, unless a significant re-advance of Sólheimajökull were to occur.  
Hólsárgil canyon remains a possible outlet for floodwater exiting the east of the glacier, 
unlike the western canyons, Jökulsárgil and Þurragil. Only a flood of exceptional magnitude 
would allow these passages to ever be re-activated, and then they would only act as temporary 
over-spill channels. Floodwater is more likely to remain confined to the central Jökulsá outwash 
plain, flowing directly south to the sea, no longer obstructed by ice. Increasingly, topography 
now plays the determining factor over flood routes at the site, as opposed to ice cover, which in 
the past was the more dominant control. 
 
7.2 Future field work 
Suggestions for further field work includes investigation of the simultaneous 920 AD eruption of 
Katla and Eyjafjallajökull volcanoes. Also, more research is needed to constrain the role that 
Sólheimajökull played (if any) in routing floodwater during the Eldgjá 934/5 eruption. Therefore 
an extended search for further Tenth Century (flood) stratigraphies, particularly those that may 
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display and distinguish between both the Eldgjá 934 AD tephra and K 920 AD would be 
valuable.  Further tephrostratigraphic evidence would also be useful, in the eastern canyons, in 
order to better-constrain the estimated ages of the Húsá Fan. The chances of finding preserved 
sediment of course, diminish over time.  
The topographic spurs that lie between the eroded canyons (e.g. Hólsárgil, Jökulsárgil 
and Þurragil) hold clues to their evolution as flood routes and they are the ideal locations in 
which to focus further research into this topic as they are likely areas of preserved sediment. 
Finally, recent aerial imagery can be used to catalogue how these deposits are changing over 
time at the site.  In recording (and preserving) more information about past floods, contemporary 
events can be predicted and planned for with increased confidence. 
This research contributes to an overall understanding of jökulhlaup at Sólheimajökull, 
particularly in terms of flood drainage pathways and resulting deposits. Facies analyses on 
Sólheimasandur have identified jökulhlaup features and deposits at various scales. These 
features, and the techniques used to interpret them, are not unique to Sólheimasandur and can be 
used in other glaciovolcanic regions in relating flood deposits to their emplacement mechanisms. 
Through studying modern jökulhlaup at Sólheimajökull (i.e. 1999), accurate 
identification of features from older jökulhlaup at the site is assisted, in particular those of the 
Tenth Century flood. The 1999 flood and its sedimentary assemblages place into context the 
c.1000 year old, Tenth Century jökulhlaup in determining its scale. Similarly, the next flood to 
occur at the site will provide new opportunities to observe flood deposits and features, aided by 
direct observation, along with information from past flood events. 
Over time, flood channels at Sólheimasandur have become more confined, and more 
deeply-incised. In the early Holocene, when Sólheimajökull’s terminus lay closer to sea level, 
floods emerged from the glacial terminus and flowed unconfined across the sandur, creating 
broad, lobate fan surfaces such as Skógarsandur and Sólheimasandur (6th Century). With 
decreasing ice thicknesses and glacial retreat up-valley, floods tended to exploit topographical 
weaknesses, eroding palagonite canyons and depositing thinner, more elongated debris-flow type 
deposits, like the Palagonite Terrace upon the older sandur surfaces. However, the chronological 
(or glacial stage) window within which these canyons were active was a relatively small one and 
therefore their deposits are somewhat unique to the sandur morphology.  
As flood routeways evolved, so too did the depositional nature of flood sediments. The 
broad pumice fans, derived from the melting of Mýrdalsjökull’s ice cap in a subglacial Katla 
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eruption were channelled within the extensive glacial system directly onto the sandar, thereby 
avoiding “contamination” by surrounding rock types or lithologies. The pure pumice/scoria 
Skógar Fan is the best example of this (Figure 7.1). It emanated directly from Sólheimajökull’s 
Sixth Century terminus, which, at the time of its emplacement, rested up against the fan’s 
distinctive eastern edge (Figure 7.1). Later fans such as the Tenth Century deposit emanated 
from a retreating glacier, re-directing floodwater down newly-exposed, ice-free canyon routes, 
creating deposits of a different, entirely lithic composition.  
 
 
Figure 7.1: The distinctive bluff of the Skógar Fan, although now partially colonised; its black, 
pumice-rich composition remains evident (L. Booth, 2007).  
 
By linking sources, pathways and deposits of the Tenth Century flood at Sólheimajökull, 
with glacial fluctuations and volcanic eruptions, the sandur chronology for Sólheimajökull has 
been revised and reinforced, offering a reinterpretation of some key units and their ages. It is 
important to remember that as new techniques become available for interpreting sandur deposits 
and obtaining accurate dates, this chronology will be refined further still. Flood reconstruction is 
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an ongoing process, which observation of future floods at this site, and elsewhere, will help to 
advance. Improving jökulhlaup facies analysis techniques, imaging and recording of flood 
events, locating new stratigraphies; will all continue to aid interpretation of the regional flood 
history.  
As Eyjafjallajökull’s previous eruptions of 920 AD, 1612 and 1821-3 all closely preceded 
an eruption of the neighbouring Katla, Eyjafjallajökull’s latest eruption of 2010 may indicate a 
possible forthcoming eruption within the field site, providing the latest opportunity to study 
volcanic jökulhlaup here. With each flood, however, evidence of palaeo-jökulhlaup is eroded, 
gradually erasing the flood history from the sandur plain. 
This research identifies the Tenth Century flood as a major event within Sólheimajökull 
and Sólheimasandur’s history. Previous dating of the sandar (Figure 2.30) identified the sandur 
units (e.g. Maizels, 1989a) but does not focus on the means by which they were emplaced. 
Identifying the units themselves was, up until recently, the foci of research, rather than linking 
the nature of flood deposit to its route. It has long been accepted that jökulhlaup deposit vast 
thicknesses of Iceland’s proglacial sandar, but not until now has the complete flood cycle of one 
of Sólheimajökull’s most significant sediment-producing jökulhlaup been unraveled in detail, 
recreated by piecing together contemporary field evidence, from source to sandur.  
It is important to note that this is the first time this technique has been used to visually 
reconstruct volcanic jökulhlaup, and palaeo-environment of Sólheimajökull. Next steps will be to 
further refine the model and its ability to reconstruct, using the template developed in this 
research. It is suggested that future work can be done to develop the technique further in the 
following ways, and also at other glacio-volcanic sites where flood reconstruction may take 
place. The ability to reconstruct past floods provides a visual means of doing the same for 
contemporary events. Witnessing the physical evolution of the field site, historically, can help 
provide valid predictions for contemporary flood routes.  
 
Creating a virtual 3D landscape using the latest video game techniques ensures: real-
time rendering of the 3D graphics; exploitation of novel techniques of how complex multivariate 
data are presented to the user; immersion in the 3D environment, via first person navigation, 
exploration and manipulation of the environment with consequences updated in real-time (Isaacs 
et al., 2011). It is these consequences that Isaacs (2011) refers to that form the basis for future 
development of the model. i.e. scenario testing and generation of new hypotheses.  
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As a prototype, VolcVis successfully enables a realistic reconstruction of the palaeo-
environment in question (i.e. Tenth Century Sólheimajökull), the model could be adapted further 
to answer “what if” questions regarding the flood course, or to generate hypotheses around 
contributing factors such as volcanic eruption size and timing, ice-dammed lake volumes and 
farm settlement locations. These may act as “variables” which a user may wish to manipulate, in 
order to witness different outcomes (similar to the study described by Bishop & Stock (2010) in 
trialing placement of wind turbines. This function would not be unique to Sólheimajökull. With 
accurate data input, the model can be used to develop scenarios at other glacio-volcanic regions 
in terms of displaying flood routes amongst other features. 
It is a powerful tool in allowing instant communication of past, present and potential 
future flood routes (at Katla and elsewhere) which can simply be updated as required by adding 
additional data. Visualisation has an important role to play in hazard mitigation as it cuts through 
language barriers and a model such as this may be shown online or at various locations 
surrounding the ice cap, which hikers, residents and visitors may easily access. Evacuation routes 
may be planned more effectively and communicated or displayed to the public using the same 
technology. It is thus an exciting avenue to explore in terms of hazard mitigation, yet for the 
purposes of this study, its main aim is to reconstruct a palaeo flood as the initial outcome.  
Construction of the model in support of this research is therefore primarily to present 
field data in an interactive, useable format. The wider implications of developing this tool are 
many when considering its ease of use and first-person navigation controls. The animations 
allow an immediate exposure to environments that would otherwise have been lost. Certainly 
refinements can be made, and further work undertaken to assess its wider applicability, but 
essentially, this model works for visualising Tenth Century events at Katla.  
The reconstructive process leading up to VolcVis’ creation has been explained, using a 
template for linking ice-lateral flood pathways to their deposits, which has underpinned the key 
field data entries to the model. Changes or additions to field data can be easily amended or 
added, layers can be switched on or off, giving the viewer a selection of backgrounds or a 
composite image of features they wish to view. By anchoring the palaeo-geomorphic 
reconstruction to known GPS field locations, which are continually being eroded or re-worked, 
the model locks in fixed data points which may be lost over time, preserving it for future 
reference. Further work may refine the prototype model in terms of scale, colour refinement and 
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scenario development. Further investigation of the tool and its application for decision-making 
within hazard mitigation may also be explored. 
Whilst designed primarily as an environmental reconstruction tool, rather than a hazard 
mitigation tool, VolcVis can be adapted to help predict where contemporary flood routes may lie. 
Its ability to store additional data, for example on other, more recent floods could be developed 
to study how jökulhlaup characteristics and behaviour at Sólheimajökull, along with other sites, 
has changed over time. The Tenth Century model is a unique prototype and serves as a reference 
frame, around which a comprehensive flood chronology can be created for this region of south 
Iceland. It serves both technical and non-technical perspectives. As a communication tool, VR 
can be relied upon as an excellent means for engaging public interest, for example the many 
tourists visiting this region, as well as the resident Icelandic population. As Bird’s (2008) study 
showed (Chapter 1), awareness surrounding Katlahlaup is lacking, particularly amongst 
international tourists, which tools such as this may help address (showing, for example, where 
potential contemporary flood paths during eruptions may intersect with hiking routes, farms or 
campsites interactively). With Katla’s next eruption possibly imminent, VolcVis’ potential should 
not be underestimated.  
Visualisation of field evidence enables the bridging of gaps between other research 
projects, cementing field data into a usable, transferable format, thereby allowing sharing of 
information and communicating results to others. It allows for research findings to be made 
available to the general public, hazard mitigation authorities and for further research. A wide 
range of end users, both expert and non-expert, can choose which level of detail they wish to 
view results, of which the viewer has full control.  
The merits of using the visualisation platform have been evaluated and discussed. By 
drawing on computer gaming functions to present VolcVis interactively, for the first time, at 
Sólheimajökull, the complex volcano-glacial processes in this event, are illustrated creatively; 
documenting a two-stage flood with long-lasting impacts on its surrounding environment, the 
effects of which are still seen today. 
This research has focused on geomorphic reconstruction, specifically collection and 
interpretation of evidence of past jökulhlaup (in this case at Sólheimajökull). The principles and 
template developed here in recreating the Tenth Century flood can be applied elsewhere. The 
Tenth Century flood was exceptional in terms of geomorphic and sedimentological preservation 
of its features, which makes it an ideal focus for initially developing the 3D model.  It offers a 
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unique means of visualising a powerful historical flood, which, compared to jökulhlaup 
witnessed today at the site, was on several scales of magnitude higher, capable of permanently 
altering the surrounding physical environment in a single event.  
Essentially the visualisation platform has brought “colour” to the Tenth Century flood, in 
a novel way, helping to illustrate volcano-glacial interactions, adding a new dimension to 
synthesis and understanding of field data. It has also helped to firmly plant this major event into 
the chronology at Sólheimasandur, whilst showing itself to be an innovative tool that has helped 
to bring reconstructed palaeo-environments back to life, albeit in the virtual sphere.  
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